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A c k n o w l e d g e m e n t s  

T h e  a u t h o r s  w i s h  t o  g r a t e f u l l y  t h a n k  t h e  many p e o p l e  who 

c o n t r i b u t e d  t o  t h i s  s t u d y .  Don K u r z  a n d  Tom T o n e y  o f  t h e  M i s s o u -  

r i  D e p a r t m e n t  of  C o n s e r v a t i o n  (MDC) g a v e  v a l u a b l e  a s s i s t a n c e  i n  

p l a n n i n g  a n d  i m p l e m e n t i n g  t h e  s t u d y .  Don K u r z ,  S h e r r y  Morgan, 

R i c k  Thorn, G i n n y  Wallace a n d  J i m  H .  W i l s o n  ( a l l  e m p l o y e d  b y  MDC) 

p r o v i d e d  f i e l d  a s s i s t a n c e ,  a n d  t h e i r  h e l p  i n  a v a r i e t y  o f  w e a t h e r  

c o n d i t i o n s  i s  g r e a t l y  a p p r e c i a t e d .  We w i s h  t o  t h a n k  J a y  R a v e i l . 1  

( f o r m e r l y  w i t h  MDC) a n d  Tom T o n e y  for a i d  i n  p l a n t  i d e n t i f i c a -  

t i o n .  D o n n a  P a s l e y  (MDC) i l l u s t r a t e d  t o p o g r a p h i c  m a p s  o f  t h e  

p r a i r i e s  s t u d i e d  a n d  a s s i s t e d  w i t h  l a y o u t  o f  t h e  f i g u r e s .  We a r e  

i n d e b t e d  t o  B a r b  S i n g l e t o n  (MDC) who d i l i g e n t l y  t y p e d  s e v e r a l  

d r a f t s  o f  t h e '  r e p o r t .  Don K u r z  c o o r d i n a t e d  p u b l i c a t i o n ,  a n d  h i s  

g e n e r o u s  h e l p  i n  a l l  a s p e c t s  i s  g r e a t l y  a p p r e c i a t e d .  T h a n k s  a r e  

e x t e n d e d  t o  P h i l  B u r t o n  of  t h e  I l l i n o i s  N a t u r a l  H i s t o r y  S u r v e y  

( I N H S ) ,  Don K u r z  (MDC), a n d  B i l l  M c K n i g h t  (IMHS) f o r  c r i t i c a l l y  

r e v i e w i n g  t h e  m a n u s c r i p t  a n d  p r o v i d i n g  many h e l p f u l  s u g g e s t i o n s .  

R o b b i n  M o r a n ' s  ( I N H S )  d i s c u s s i o n s  of p r a i r i e s  a n d  s p e c i e s  d i v e r -  

s i t y  were v e r y  u s e f u l .  

E s p e c i a l l y  w a r m  t h a n k s  a r e  e x t e n d e d  t o  Tom T o n e y  w h o ,  i n  

a d d i t i o n  t o  p r o v i d i n g  p l a n n i n g  a d v i c e  a n d  p l a n t  i d e n t i f i c a t i o n s ,  

o f f e r e d  many  s t i m u l a t i n g  a n d  e n l i g h t e n i n g  i d e a s  o n  p r a i r i e  

p l a n t s ,  p r a i r i e  m a n a g e m e n t ,  a n d  m a n a g e m e n t  e f f e c t s .  H i s  g o o d -  

n a t u r e d  c o o p e r a t i o n  i n  a l l  p h a s e s  o f  t h e  s t u d y  i s  g r a t e f u l l y  

a c k n o w l e d g e d .  T h e  c o n t i n u e d  m a n a g e m e n t  of  Osage, Diamond  G r o v e ,  

a n d  P a i n t  B r u s h  P r a i r i e s  r es t s  i n  h i s  c a p a b l e  h a n d s .  

v i  



I N T R O D U C T I O N  

. .. 

T h e  v e g e t a t i o n a l  c o m p o s i t i o n  of  t a l l g r a s s  p r a i r i e s  i n  M i s s o u r i  

a n d  m a n a g e m e n t  e f f e c t s  on  p l a n t  c o m p o s i t i o n  o f  t h e s e  p r a i r i e s  h a s  

r e c e i v e d  l i m i t e d  s t u d y ,  d e s p i t e  t h e  f a c t  t h a t  a t  l e a s t  7 5 , 0 0 0  
a c r e s  o f  t a l l g r a s s  p r a i r i e  o c c u r  i n  M i s s o u r i  ( C h r i s t i s e n  1 9 7 2 1 ,  

w i t h  o v e r  1 1 , 0 0 0  a c r e s  p r o t e c t e d  i n  p u b l i c  o w n e r s h i p .  F l o r i s t i c  

or v e g e t a t i o n a l  s t u d i e s  h a v e  b e e n  d o n e  a t  T u c k e r  P r a i r i e  ( D r e w  

1 9 4 7 ) ,  Wah-Sha-She P r a i r i e  ( K e l t i n g  1 9 8 2 1 ,  a n d  L a P e t i t e  G e m m e  

P r a i r i e  ( W e b e r  e t  a l .  1 9 8 4 1 ,  i n  M i s s o u r i .  T h e  l a t t e r  two s t u d i e s  

d e s c r i b e d  f l o r i s t i c  c o m p o s i t i o n  w i t h  n o  q u a n t i f i c a t i o n  o f  

v e g e t a t i o n a l  c o m p o s i t i o n .  

S t u d i e s  r e g a r d i n g  t h e  e f f e c t s  o f  v a r i o u s  m a n a g e m e n t  t e c h n i q u e s  

u p o n  v e g e t a t i o n a l  c o m p o s i t i o n  of  M i s s o u r i ' s  p r a i r i e s  u s u a l l y  

d i s c u s s  t h e  d o m i n a n t  s p e c i e s  a n d  r a r e l y  s p e c i f y  uncommon s p e c i e s  

( K u c e r a  1 9 5 6 ,  K u c e r a  a n d  K o e l l i n g  1 9 6 4 ) ,  e v e n  t h o u g h  m a n a g e m e n t  

may i n f l u e n c e  uncommon s p e c i e s  a s  much or m o r e  t h a n  common o n e s .  

T h e  e f f e c t s  o f  b u r n i n g  a n d  g r a z i n g  o n  p r a i r i e  c o m p o s i t i o n  i n  

M i s s o u r i  h a v e  b e e n  s t u d i e d ,  b u t  p r i m a r i l y  a t  o n e  p r a i r i e ,  T u c k e r  

P r a i r i e  (Kucera  1 9 5 6 ,  Kucera a n d  E h r e n r e i c h  1 9 6 2 ,  K u c e r a  e t  a l .  

1 9 6 3 ,  K u c e r a  a n d  K o e l l i n g  1 9 6 4 ) .  T h e  v e g e t a t i o n a l  c o m p o s i t i o n  o f  

T u c k e r  P r a i r i e  may d i f f e r  s o m e w h a t  f r o m  t h a t  o f  m o s t  M i s s o u r i  

p r a i r i e s ,  b e c a u s e  i t  o c c u r s  o n  g l a c i a t e d ,  l o e s s - d e r i v e d  s o i l s ,  

w h e r e a s  m o s t  M i s s o u r i  p r a i r i e s  o c c u r  o n  u n g l a c i a t e d ,  b e d r o c k -  

d e r i v e d  s o i l s .  A l t h o u g h  mowing  i s  commonly  e m p l o y e d  on  
M i s s o u r i ' s  p r a i r i e s ,  b o t h  p u b l i c l y  a n d  p r i v a t e l y  o w n e d ,  c o m p a r -  

a t i v e l y  l i t t l e  i s  known c o n c e r n i n g  t h e  e f f e c t s  o f  mowing a t  

v a r i o u s  d a t e s  a n d  t ime  i n t e r v a l s  ( C o n r a d  1 9 5 4 ,  G a r d n e r  e t  a l .  

1 9 5 7 ,  L a u n c h b a u g h  a n d  Owensby  1 9 7 8 ) .  

P e r i o d i c  b u r n i n g ,  mowing ,  a n d , . t o  a l e s s e r  e x t e n t ,  g r a z i n g  a r e  

u s e d  i n  m a n a g i n g  M i s s o u r i ' s  p u b l i c  p r a i r i e s .  T h i s  s t u d y  i s  t h e  

f i r s t  s t a g e  o f  a l o n g  term r e s e a r c h  p r o j e c t  t o  d e t e r m i n e  t h e  

e f f e c t s  o f  v a r i o u s  m a n a g e m e n t  t e c h n i q u e s  o n  t h e  v a s c u l a r  p l a n t  

c o m p o s i t i o n  of  t a l l g r a s s  p r a i r i e s .  A p r i m a r y  o b j e c t i v e  i s  t o  

1 



d e s c r i b e ,  c o m p a r e ,  a n d  c o n t r a s t  t h e  v e g e t a t i o n a l  c o m p o s i t i o n  of  1 2  

d i f f e r e n t  m a n a g e m e n t  u n i t s  a t  t h r e e  t a l l g r a s s  p r a i r i e s .  T h i s  w i l l  

p r o v i d e  b a s e l i n e  d a t a  t o  b e  u s e d  f o r  c o m p a r i s o n  w i t h  f u t u r e  d a t a  

g a t h e r e d  a t  e a c h  u n i t ,  a f t e r  d i f f e r e n t  m a n a g e m e n t  t e c h n i q u e s  h a v e  

b e e n  i m p l e m e n t e d  a t  t h e  u n i t s .  A s e c o n d  o b j e c t i v e  i s  t o  d i s c u s s  t h e  

v e g e t a t i o n a l  c o m p o s i t i o n  o f  t h e s e  13 u n i t s  i n  l i g h t  o f  p a s t  

m a n a g e m e n t  p r a c t i c e s .  

D E S C R I P T I O N  OF S T U D Y  AREA 

O S A G E  PRAIRIE 

Osage P r a i r i e  i s  l o c a t e d  i n  Sec .  3 a n d  4 ,  T34N R31W i n  V e r n o n  Co., 

M i s s o u r i ,  6 m i l e s  s o u t h  o f  N e v a d a .  T h i s  1 , 4 6 7  a c r e  u p l a n d  p r a i r i e  

l i e s  w i t h i n  t h e  Osage P l a i n s  N a t u r a l  O i v i s i o n  (Thorn a n d  W i l s o n  1 9 8 0 1  

a n d  was a c q u i r e d  j o i n t l y  b y  t h e  M i s s o u r i  D e p a r t m e n t  of C o n s e r v a t i o n  

(MDC) a n d  T h e  N a t u r e  C o n s e r v a n c y  ( T N C )  b e g i n n i n g  i n  1 9 5 9 .  

T h e  g e n t l y  r o l l i n g  t o p o g r a p h y  of  t h i s  p r a i r i e  i s  u n d e r l a - i n  b y  

P e n n s y l v a . n i a n  s a n d s t o n e  a n d  s h a l e  o f  t h e  B u r g n e r  a n d  R i v e r t o r !  

f o r m a t i o n s  a n d  K r e b s  s u b g r o u p  ( A n d e r s o n  1 9 7 9 ) .  S o i l s  c o n s i s t  of 

R a r c o  l o a m  i n t e r s p e r s e d  w i t h  p o c k e t s  o f  B a r d e n  s i l t  l o a m  a n d  C o w e t a  

f i n e  s a n d y  l o a n .  S a m p l i n g ,  s i t e s  were r e s t r i c t e d  t o  t h e  B a r c o  s o i l ,  

a m o d e r a t e l y  d e e p ,  w e l l  d r a i n e d  l o a m  w i t h  medium n a t u r a l  f e r t i l i t y  

( P r e s t o n  1 9 7 7 ) .  A v e r a g e  a n n u a l  p r e c i p i t a t i o n  a t  N e v a d a ,  t h e  n e a r e s t  

r e p o r t i n g  s t a t i o n ,  i s  4 0 . 7  i n c h e s .  T h e  a v e r a g e  a n n u a l  t e m p e r a t u r e  

i s  57°F w i t h  a n  a v e r a g e  J u l y  t e m p e r a t u r e  o f  79OF a n d  a n  a v e r a g e  

J a n u a r y  t e m p e r a t u r e  o f  33OF. T e m p e r a t u r e s  c a n  r a n g e  f r o m  a b o v e  

105OF i n  summer  t o  b e l o w  -15OF i n  w i n t e r  ( N a t i o n a l  O c e a n i c  a n d  

A t m o s p h e r i c  A d m i n i s t r a t i o n  1 9 8 1 ) .  

T h e  s o u t h  p a r t  o f  Osage P r a i r i e  was d i v i d e d  i n t o  e i g h t  m a n a g e n ; e n t  

u n i t s  ( T a b l e  1 ,  F i g u r e  1 ) .  Prior t o  1 9 8 4 ,  each  u n i t  r e c e i v e d  v a r y -  

i n g  m a n a g e m e n t .  T h e  s o u t h w e s t  h a y ,  s o u t h - c e n t r a l  h a y ,  s o u t h e a . s t  

h a y ,  n o r t h e a s t  h a g / b u r n  a n d  n o r t h w e s t  h a y / b u r n  u n i t s  were i n  p r i v a t e  
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Figure 1. Location of management units and sample sites at 
Osage Prairie. Management unit abbreviations are 
as follows: NW=northwest hay/burn, NE=northeast 
hay/burn, SW=southwest hay, SC=south-central hay, 
SE=southeast hay, W=west graze/hay, C=central graze, 
and E=east graze. Sample sites are shaded. In 
the future each unit will receive different manage- 
ment and will have the following name: NW=NW burn, 
NE=NE burn, SW = annual hay, SC = biennial hay, 
SE = triennial hay, W = hay/burn, C = moderate graze, 
and E = light graze unit. 
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T a h l e  1. Summary o f  t h e  p a s t  and  f u t u r e  management of  e a c h  manaEement u n i t  a t  Osaqe 
Prai  r ie .  A h h r e v i a t i o n s  a r e  as f o l l o w s :  S W s o u t h w e s t ,  S C = s o u t h - c e n t r a l ,  SE=south-  
c a s t ,  I < =  c b ; i s t ,  C = c c n t r a l ,  W=west, NW=northwest,  and N E = n o r t h e n s t .  The crirrc’nt and 
f r i ~  I I ~ C  name o f  each mannqement u n i t  is g i v e n .  
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o w n e r s h i p  u n t i l  1 9 8 1  a n d  were u s u a l l y  h a y e d  e v e r y  summer .  T h e s e  

u n i t s  were h a y e d  i n  J u l y  1 9 8 2  a n d  1 9 8 3 ,  w i t h  t h e  e x c e p t i o n  o f  t h e  

n o r t h w e s t  h a y / b u r n  a n d  t h e  n o r t h e a s t  h a y / b u r n  u n i t s  w h i c h  r e m a i n e d  

i d l e  i n  1 9 8 2 .  I n  1 9 8 4 ,  t h e  n o r t h w e s t  a n d  n o r t h e a s t  b u r n  u n i t s  were 

b u r n e d  i n  e a r l y  A p r i l ,  t h e  s o u t h w e s t  h a y  u n i t  was mowed i n  J u l y ,  a n d  
t h e  s o u t h e a s t  a n d  s o u t h - c e n t r a l  h a y  u n i t s  r e m a i n e d  i d l e .  T h e  e a s t  

a n d  c e n t r a l  g r a z e  u n i t s  a n d  t h e  s a m p l e d  p o r t i o n  o f  t h e  west  

L ; r a z e / h a y  u n i t  h a v e  b e e n  g r a z e d  a t  v a r y i n g  i n t e n s i t i e s  a n d  h a v e  a l s o  

b e e n  h a y e d  p e r i o d i c a l l y .  T h e  e a s t  a n d  c e n t r a l  g r a z e  u n i t s  were 

g r a z e d  i n  l a t e  summer  o r  e a r l y  f a l l  o f  1 9 7 4 ,  1 9 7 6 ,  1 9 7 7 ,  1 9 8 0 ,  1 9 8 1 ,  

a n d  1 9 8 2 .  T h e s e  u n i t s  were h a y e d  i n  s u m m e r  of  1 9 7 8 ,  1 9 8 3 ,  a n d  1 9 8 4 .  

T h e  west g r a z e / h a y  u n i t  was g r a z e d  i n  summer  or f a l l  o f  1 9 7 4 ,  1 9 7 5 ,  

a n d  1 9 7 7  a n d  was h a y e d  i n  summer  of 1 9 7 9 ,  1 9 8 1 ,  a n d  1 9 8 2 .  

P r i o r  t o  a c q u i s i t i o n  b y  t h e  M i s s o u r i  D e p a r t m e n t  o f  C o n s e r v a t i o n  a n d  

T h e  N a t u r e  C o n s e r v a n c y ,  p o r t i o n s  of Osage P r a i r i e  were summer  h a y e d  

a n d  o t h e r s  were g r a z e d  b y  c a t t l e .  F u t u r e  m a n a g e m e n t  o f  e a c h  u n i t  

w i l l  f o l l o w  t h e  o u t l i n e  g i v e n  i n  T a b l e  1 .  

D I A M O N D  G R O V E  P R A I R I E  

Diamond  G r o v e  P r a i r i e ,  a 5 1 5  a c r e  u p l a n d  p r a i r i e ,  i s  s i t u a t e d  n i n e  

miles s o u t h e a s t  of  J o p l i n  i n  Sec .  31 a n d  3 6 ,  T27N,  R32W i n  Newton  

C o u n t y ,  M i s s o u r i ,  a n d  i t  l i e s  w i t h i n  t h e  S p r i n g f i e l d  P l a t e a u  cf t h e  

O z a r k  N a t u r a l  D i v i s i o n  (Thom a n d  W i l s o n  1 9 8 0 ) .  Two s i t e s  n e a r  t h e  

e a s t  b o r d e r  of D i a m o n d  Grove were s a m p l e d  ( F i g u r e  2 ) .  T h e  e a s t e r n -  

most s i t e  was a p r i v a t e  h a y  meadow a t  t h e  t ime of t h i s  s t u d y ,  b u t  

h a s  s i n c e  b e e n  a c q u i r e d  b y  t h e  M i s s o u r i  D e p a r t m e n t  o f  C o n s e r v a t i o n .  

T h e  two  s t u d y  s i t e s  o c c u r  o n  a g e n t l e ,  s o u t h w e s t - f a c i n g  s l o p e  a n d  

n e a r l y  l e v e l  r i d g e  u n d e r l a i n  b y  Hoberg  s i l t  loam a n d  K e e n o  c h e r t y  

s i l t  loam s o i l s .  T h e s e  d e e p ,  m o d e r a t e l y  w e l l  d r a i n e d  s o i l s  c o n t a i n  

a m a s s i v e  f r a g i p a n  a n d  h a v e  medium n a t u r a l  f e r t i l i t y  ( A l l g o o d  a n d  

P e r s i n g e r  1 9 7 9 ) .  T h e  M i s s i s s i p p i a n  b e d r o c k  c o n t a i n s  S t .  L o u i s  

l i m e s t o n e  a n d  c h e r t y  or n o n - c h e r t y  l i m e s t o n e  o f  t h e  Warsaw a c d  

Salem f o r m a t i o n s  ( A n d e r s o n  1 9 7 9 ) .  Diamond G r o v e  P r a i r i e  i s  t h e  

s o u t h e r n m o s t  o f  t h e  t h r e e  p r a i r i e s  s t u d i e d  a n d  e x p e r i e n c e s  s l i g h t l y  

h i g h e r  a v e r a g e  t e m p e r a t u r e s  t h a n  t h e  o t h e r  t w o  p r a i r i e s .  
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Figures 2 and 3. Loca t ion  o f  management u n i t s  and sample s i t e s  a t  Diamond 
Grove and P a i n t  Brush P r a i r i e s .  
t i o n s  a re  as fo l l ows :  E=east, N=north,  S=south, and W=west. 
Sample s i t e s  a r e  shaded. 

Management u n i t  abbrev ia-  

F igure 2. D i  
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F igu re  3. P a i n t  Brush P r a i r i e  

0 0.25 

0 402 
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T h e  mean a n n u a l  t e m p e r a t u r e  a t  J o p l i n ,  t h e  c l o s e s t  r e p o r t i n g  

s t a t i o n  i s  5 8 0 F ,  w i t h  a n  a v e r a g e  J u l y  t e m p e r a t u r e  o f  80°F a n d  a n  

a v e r a g e  J a n u a r y  t e m p e r a t u r e  o f  34 .4OF.  Mean a n n u a l  p r e c i p i t a t i o n  

i s  4 0 . 8  i n c h e s  ( N a t i o n a l  O c e a n i c  a n d  A t m o s p h e r i c  A d m i n i s t r a t i o n  

1 9 8 1 ) .  D iamond  G r o v e  P r a i r i e  was u s u a l l y  h a y e d  e a c h  summer  
b e f o r e  t h e  M i s s o u r i  D e p a r t m e n t  of C o n s e r v a t i o n  a c q u i r e d  i t  i n  

1 9 8 1 ,  1 9 8 2 ,  a n d  1 9 8 5 .  T h e  west s t u d y  s i t e  was h a y e d  i n  summer  o f  

1 9 8 3 ,  a s  was t h e  e a s t  s i t e .  T h e  two s t u d y  s i t e s  a t  t h i s  p r a i r i e  

w i l l  b e  m a n a g e d  i n  t h e  f u t u r e  b y  r o t a t i o n a l  summer  h a y i n g  a n d  

s p r i n g  b u r n i n g .  

PAINT BRUSH P R A I R I E  

P a i n t  B r u s h  P r a i r i e  i s  a 2 3 4  a c r e  p r a i r i e  l o c a t e d  i n  t h e  Osage 

P l a i n s  N a t u r a l  D i v i s i o n  i n  Sec .  2 9  a n d  3 2 ,  T44N, R21W i n  P e t t i s  

C o u n t y ,  M i s s o u r i ,  a p p r o x i m a t e l y  n i n e  m i l e s  s o u t h  o f  S e d a l i a .  

T h i s  h i l l y  u p l a n d  p r a i r i e  h a s  M i s s i s s i p p i a n  a n d  O r d o v i c i a n  b e d -  

rock c o m p o s e d  o f  J e f f e r s o n  C i t y  a n d  C o t t e r  d o l o m i t e ,  B u r l i n g t o n  

l i m e s t o n e ,  a n d  c h e r t y  a n d  d o l o m i t i c  l i m e s t o n e  o f  t h e  P i e r s o n  

f o r m a t i o n  ( A n d e r s o n  1 9 7 9 ) .  The  s o i l s  b e l o n g  t o  t h e  G e r a l d -  

C r e l d o n - H o b e r g - K e e n o  a s s o c i a t i o n .  T h e s e  a r e  m o d e r a t e l y  w e l l  

d r a i n e d  t o  somewhat  p o o r l y  d r a i n e d ,  l o a m y  a n d  c l a y e y  u p l a n d  s o i l s  

w i t h  f r a g i p a n s  ( A l l g o o d  a n d  P e r s i n g e r  1 9 7 9 ) .  A v e r a g e  a n n u a l  

p r e c i p i t a t i o n  a t  S e d a l i a  i s  4 0 . 7  i n c h e s ,  t h e  same a s  a t  N e v a d a .  

T h e  mean J u l y  t e m p e r a t u r e  i s  79OF a n d  t h e  mean J a n u a r y  t e m p e r a -  

t u r e  i s  3 2 0 F ,  w i t h  a mean a n n u a l  t e m p e r a t u r e  of  5 6 0 F  ( N a t i o n a l  

O c e a n i c  a n d  A t m o s p h e r i c  A d m i n i s t r a t i o n  1 9 8 1 ) .  Two s i t e s  were 

s t u d i e d  a t  P a i n t b r u s h  P r a i r i e  ( F i g u r e  3 ) .  T h e  n o r t h  s t u d y  s i t e  

was u s u a l l y  h a y e d  each  summer  p r i o r  t o  i t s  a c q u i s i t i o n  b y  t h e  

M i s s o u r i  D e p a r t m e n t  of  C o n s e r v a t i o n  i n  1 9 7 8 .  S i n c e  t h e n  i t  h a s  

b e e n  summer  h a y e d  e v e r y  two o r  t h r e e  y e a r s .  T h e  s o u t h  s i t e ,  a 

p r i v a t e l y  owned meadow u n t i l  1 9 8 2 ,  was u s u a l l y  h a y e d  e v e r y  sum- 

mer. It  was a l s o  h a y e d  i n  t h e  s u m m e r  of  1 9 8 3  a n d  1 9 8 4 .  F u t u r e  

m a n a g e m e n t  o f  each s i t e  w i l l  c o n s i s t  of r o t a t i o n a l  summer  h a y i n g  

a n d  s p r i n g  b u r n i n g .  

7 



METHODS AND MATERIALS 

V e g e t a t i o n  a t  e a c h  s i t e  was s a m p l e d  i n  1984 w i t h  n i n e t y  0.5 m 2  

r e c t a n g u l a r  p l o t s  (50x100 cm) p l a c e d  on m i d s l o p e s ,  t o  u p p e r  

s l o p e s ,  or r i d g e t o p s  a t  e a c h  s i t e .  Lower s l o p e s  a n d  r a v i n e s  were 

n o t  s a m p l e d .  D i s t u r b e d  s i t e s ,  s u c h  a s  m i m a  m o u n d s  c o n t a i n i n g  

a n i m a l  h o l e s ,  were a v o i d e d .  T h e  e i g h t  m a n a g e m e n t  u n i t s  a t  Osage 

P r a i r i e  were s a m p l e d  i n  t h e  s p r i n g  ( A p r i l  30 - May 311, summer  

( J u l y  3 - J u l y  271, a n d  f a l l  ( S e p t e m b e r  1 1  - O c t o b e r  261, w h i l e  

t h e  two s i t e s  e a c h  a t  Diamond G r o v e  P r a i r i e  a n d  P a i n t b r u s h  

P r a i r i e  were s a m p l e d  i n  t h e  summer  ( J u n e  18-29). E i g h t y - f i v e  

p l o t s  r a t h e r  t h a n  90 p l o t s  were s a m p l e d  i n  s p r i n g  a t  t h e  b i e n n i a l  

h a y  u n i t  o f  Osage P r a i r i e .  P l o t  l o c a t i o n  was c h o s e n  b y :  1) 
l o o k i n g  a t  t h e  s e c o n d  h a n d  o f  a w r i s t  w a t c h ,  2) w a l k i n g  i n  t h e  

d i r e c t i o n  t h e  s e c o n d  h a n d  i n d i c a t e d ,  c o n s i d e r i n g  12:OO a s  n o r t h ,  

a n d  3 )  w a l k i n g  t h e  n u m b e r  o f  p a c e s  t h e  s e c o n d  h a n d  i n d i c a t e d ,  

w i t h  t h e  n u m b e r  o f  p a c e s  r a n g i n g  from 1 t o  60. T h e  l o c a t i o n  o f  

t h e  p r e v i o u s  p l o t  was t h e  s t a r t i n g  p o i n t  f o r  c h o o s i n g  a new p l o t .  

Af t e r  45 p l o t s  were c o m p l e t e d  i n  t h i s  m a n n e r  a t  a s i t e ,  t h e  

r e m a i n i n g  45 p l o t s  were l o c a t e d  b y  c o n s i d e r i n g  12:OO o n  t h e  wrist  

w a t c h  as s o u t h ,  r a t h e r  t h a n  n o r t h .  T h i s  p a r t i a l l y  c o m p e n s a t e d  

for t h e  s a m p l i n g  b i a s  o f  w a l k i n g  f u r t h e r  d i s t a n c e s  i n  a w e s t e r l y  

d i r e c t i o n  ( b e t w e e n  30 a n d  60 p a c e s )  a n d  s h o r t e r  d i s t a n c e s  i n  an 
e a s t e r l y  d i r e c t i o n  ( b e t w e e n  1 a n d  29 p a c e s )  when  12:OO was 

c o n s i d e r e d  a s  n o r t h .  

T h e  c a n o p y  c o v e r  of  e a c h  v a s c u l a r  p l a n t  s p e c i e s  w i t h i n  a p l o t  was 

r e c o r d e d  u s i n g  t h e  D a u b e n m i r e  c o v e r  s c a l e  ( D a u b e n m i r e  1959, 1968) 
w i t h  m o d i f i c a t i o n s  f o l l o w i n g  B a i l e y  a n d  P o u l t o n  (1968). C a n o p y  

c o v e r  i s  t h e  a r e a ,  p a r a l l e l  t o  t h e  g r o u n d  s u r f a c e ,  b o u n d e d  b y  a 

l i n e  c o n n e c t i n g  t h e  e x t r e m i t i e s  o f  t h e  l i v i n g  p a r t s  o f  a p l a n t ' s  

crown ( F i g u r e  4 )  a n d  i s  e x p r e s s e d  a s  a p e r c e n t  o f  t h e  p l o t  s i z e  

( D a u b e n m i r e  1959). C a n o p y  c o v e r a g e  was d e t e r m i n e d  f o r  e a c h  

s p e c i e s  o c c u r r i n g  w i t h i n  a p l o t ,  r e g a r d l e s s  o f  w h e r e  t h e  p l a n t  

was r o o t e d  an'd r e g a r d l e s s  o f  t h e  o v e r l a p p i n g  o f  c a n o p i e s  o f  

d i f f e r e n t  s p e c i e s .  S i n c e  t h e  c a n o p i e s  of  d i f f e r e n t  s p e c i e s  were 

-8 



F igu re  4. Example o f  canopy cove r  e s t i m a t i o n .  
f o l l o w s :  
p l o t  s i z e ,  3=canopy covers 5-25% o f  p l o t  s i z e ,  and 4=canopy covers 
25-50% of  p l o t  s i z e .  

Cover c lasses shown above a re  as 
l=canopy covers 0-1% o f  p l o t  s i ze ,  2=canopy covers 1-5X o f  
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o f t e n  i n t e r c o n n e c t e d  or s u p e r i m p o s e d ,  t h e  c a n o p y  c o v e r  p e r c e n t s  

o f t e n  t o t a l  o v e r  100%.  T h e  m o d i f i e d  D a u b e n m i r e  c o v e r .  s c a l e  j s  a s  

f o l l o w s :  c l a s s  1 ,  0 - 1 5 ;  c l a s s  2 ,  1 - 5 8 ;  c l a s s  3 ,  5 - 2 5 % ;  c l a s s  4 ,  

2 5 - 5 0 % ;  c l a s s  5 ,  50-7546; c l a s s  6 ,  7 5 - 9 5 % ;  a n d  c l a s s  7,  9 5 - 1 0 0 % .  

C a r d b o a r d  s q u a r e s  r e p r e s e n t i n g  1 %  a n d  5% o f  t h e  p l o t  a r e a  were 

u s e d  a s  g u i d e s  i n  c o v e r  e s t i m a t i o n .  

V o u c h e r  s p e c i m e n s  o f  a l l  p l a n t  s p e c i e s  c o l l e c t e d  a r e  d e p o s i t e d  

w i t h  t h e  M i s s o u r i  D e p a r t m e n t  o f  C o n s e r v a t i o n ,  J e f f e r s o n  C i t y ,  

M i s s o u r i .  T a x o n o m i c  n o m e n c l a t u r e  f o l l o w s  S t e y e r m a r k  ( 1 9 6 3 ) .  

C a r e x  a b d i t a  a n d  C a r e x  u m b e l l a t a  h a v e  s i m i l a r  m o r p h o l o g y ,  w i t h  

o n l y  a s l i g h t  d i f f e r e n c e  i n  p e r i g y n i u m  s t r u c t u r e .  S i n c e  a l l  

s p e c i m e n s  of  t h i s  c o m p l e x  t h a t  were c o l l e c t e d  were i d e n t i f i e d  a s  

C .  a b d i t a ,  i t  was a s s u m e d  t h a t  a l l  p l a n t s  o f  t h i s  g r o u p  

e n c o u n t e r e d  d u r i n g  s a m p l i n g  were - C .  a b d i t a .  Some n o n r e p r o d u c t i v e  

s p e c i m e n s  c o u l d  o n l y  b e  i d e n t i f i e d  t o  g e n u s ,  f a m i l y ,  or c l a s s .  

- 

V e g e t a t i o n a l  d a t a  were s u m m a r i z e d  b y  c a l c u l a t i n g  t h e  r e l a t i v e  

f r e q u e n c y  a n d  a v e r a g e  c a n o p y  c o v e r  of  each  p l a n t  s p e c i e s  s a m p l e d  

a t  each u n i t  p e r  s e a s o n .  C o v e r  c l a s s  m i d p o i n t s  were u s e d  t o  

c a l c u l a t e  a v e r a g e  c a n o p y  c o v e r .  R e l a t i v e  f r e q u e n c y  a n d  a v e r a g e  

c a n o p y  c o v e r  v a l u e s  for each s p e c i e s  s a m p l e d  i n  e a c h  u n i t  a n d  

s e a s o n  were a d d e d  t o  c a l c u l a t e  a n  i m p o r t a n c e  v a l u e  w i t h  a maximum 

v a l u e  of  2 0 0 .  T h e  c o m p o s i t i o n  of e a c h  u n i t  was t h e n  s u m m a r i z e d  

for t h e  e n t i r e  g r o w i n g  s e a s o n  b y  c a l c u l a t i n g  a v e r a g e  r e l a t i v e  

f r e q u e n c y ,  c a n o p y  c o v e r ,  a n d  i m p o r t a n c e  v a l u e s  from p o o l e d  

s p r i n g ,  s u m m e r ,  a n d  a u t u m n  r e s u l t s .  

V e g e t a t i o n a l  c o m p o s i t i o n  b e t w e e n  p r a i r i e  u n i t s  a n d  s e a s o n s  was 

c o m p a r e d  t o  d e t e r m i n e  i f  s i g n i f i c a n t  d i f f e r e n c e s  o c c u r r e d  b e t w e e n  

u n i t s ,  b y  c a l c u l a t i n g  a n a l y s i s  o f  v a r i a n c e  a n d  t h e  f o l l o w i n g  

t e s t s  from r e l a t i v e  f r e q u e n c y  a n d  c a n o p y  c o v e r  d a t a  u s i n g  GLM 

p r o c e d u r e s  o f  t h e  S t a t i s t i c a l  A n a l y s i s  S y s t e m  (SAS I n s t i t u t e  

I n c .  1 9 8 2 ) :  F - t e s t ,  t - t e s t ,  T u k e y ' s  s t u d e n t i z e d  r a n g e  t e s t ,  a n d  

D u n c a n ' s  m u l t i p l e  r a n g e  t e s t  ( S t e e l  a n d  T o r r i e  1 9 8 0 ) .  Mean 

f r e q u e n c y  a n d  mean  c a n o p y  c o v e r  o f  a l l  s p e c i e s  s a m p l e d  i n  each  
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u n i t  d u r i n g  e a c h  s e a s o n  were u s e d  f o r  C o m p a r i s o n .  T h e s e  same 

f o u r  t e s t s  were c a l c u l a t e d  t o  d e t e r m i n e  if t h e  f r e q u e n c y  o f  1 9  

common s p e c i e s  d i f f e r e d  b e t w e e n  u n i t s  a t  each  p r a i r i e  a n d  a l s o  

b e t w e e n  s e a s o n s  a t  each  u n i t  of  Osage P r a i r i e .  E a c h  s p e c i e s  

s e l e c t e d  h a d  t o  o c c u r  i n  a t  l e a s t  1 0  of  t h e  1 2  u n i t s  s a m p l e d  f o r  
t h e  s p e c i e s  t o  b e  i n c l u d e d .  S i m i l a r i t y  o f  v e g e t a t i o n a l  

c o m p o s i t i o n  b e t w e e n  u n i t s  a n d  s e a s o n s  was c o m p a r e d  b y  d e t e r m i n i n g  

S o r e n s o n ' s  s i m i l a r i t y  i n d e x  f o r  r e l a t i v e  f r e q u e n c y  a n d  c a n o p y  

c o v e r  ( M u e l l e r - D o m b o i s  a n d  E l l e n b e r g  1 9 7 4 ) .  C l u s t e r  a n a l y s i s  

u s i n g  W a r d ' s  m e t h o d  ( C L U S T E R  p r o c e d u r e )  a s  t h e  h i e r a r c h i c a l  

c l u s t e r i n g  a l g o r i t h m  ( S A S  I n s t i t u t e  I n c .  1 9 8 2 )  was d o n e  on  

S o r e n s o n ' s  s i m i l a r i t y  i n d i c e s  d e r i v e d  f rom f r e q u e n c y  d a t a  t o  

f u r t h e r  c o m p a r e  v e g e t a t i o n a l  c o m p o s i t i o n  b e t w e e n  u n i t s  a t  e a c h  

s e a s o n .  

D i v e r s i t y  i n d i c e s  c a l c u l a t e d  t o  a n a l y z e  t h e  d i f f e r e n c e s  i n  s p e -  

c i e s  d i v e r s i t y  among  t h e  u n i t s  a t  each  p r a i r i e  were s p e c i e s  

r i c h n e s s  (S), t h e  S h a n n o n - W e i n e r  i n d e x  (H'), a n d  S i m p s o n ' s  i n d e x  

( C ) .  S p e c i e s  r i c h n e s s  i s  t h e  n u m b e r  o f  s p e c i e s  o c c u r r i n g  w i t h i n  

a s a m p l e  of  g i v e n  s i z e  ( W h i t t a k e r  1 9 7 5 ) .  T h e  S h a n n o n - W e i n e r  

i n d e x  ( S h a n n o n  a n d  W e a v e r  1 9 4 9 ) ,  a m e a s u r e  o f  h e t e r o g e n e i t y  b a s e d  

o n  i n f o r m a t i o n  t h e o r y ,  i s  d e f i n e d  a s :  HI= P i  l o g  P i  w h e r e  

P i  i s  t h e  r e l a t i v e  f r e q u e n c y  o f  each  s p e c i e s  s a m p l e d  i n  a u n i t  

e x p r e s s e d  i n  dec ima l  form a n d  S i s  t h e  s p e c i e s  r i c h n e s s .  T h e  

v a l u e  o f  t h e  S h a n n o n - W e i n e r  i n d e x  i s  low when  o n l y  a few s p e c i e s  

a r e  p r e s e n t  i n  a c o m m u n i t y  a n d  i n c r e a s e s  a s  s p e c i e s  r i c h n e s s  a n d  

e v e n n e s s  o f  d i s t r i b u t i o n  i n c r e a s e s .  I n  v e r y  r i c h  c o m m u n i t i e s  

( e . g . ,  t r o p i c a l  c o m m u n i t i e s )  t h e  d i v e r s i t y  i n c r e a s e  i n  H' i s  

d a m p e d ,  s i n c e  H 1  a s y m p t o t i c a l l y  a p p r o a c h e s  a maximum o f  a b o u t  5 
f o r  many s a m p l e s  (Margalef 1 9 6 9 ) .  S i m p s o n ' s  i n d e x  m e a s u r e s  t h e  

p r o b a b i l i t y  t h a t  two i n d i v i d u a l s  s e l e c t e d  r a n d o m l y  f r o m  a s a m p l e  

w i l l  b e l o n g  t o  t h e  same s p e c i e s  ( P e e t  1 9 7 4 ) .  T h i s  i n d e x ,  g i v e n  

b y :  C =  P i 2  w i t h  P i  a s  d e f i n e d  a b o v e ,  m e a s u r e s  d o m i n a n c e  a s  t h e  

d e g r e e  of c o n c e n t r a t i o n  o f  r e l a t i v e  f r e q u e n c i e s  i n  o n e  or a few 

I =  I 

1 -  I 

s p e c i e s  ( W h i t t a k e r  1 9 7 2 ) .  T h e  v a l u e  of  S i m p s o n ' s  i n d e x  i n c r e a s e s  

when most o f  t h e  i n d i v i d u a l s  s a m p l e d  b e l o n g  t o  o n l y  o n e  or a few 
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s p e c i e s ,  r a t h e r  t h a n  h a v i n g  a more u n i f o r m  d i s t r i b u t i o n  o f  i n d i -  

v i d u a l s  among a l a r g e  n u m b e r  of s p e c i e s .  

RESULTS AND D I S C U S S I O U  

COMPOSITION - Osage P r a i r i e  

Basic  c o m p o s i t i o n a l  d a t a  f o r  each s p e c i e s  s a m p l e d  i n  each  u n i t  i s  

p r e s e n t e d  i n  A p p e n d i c e s  1 t h r o u g h  6 .  R e l a t i v e  f r e q u e n c y ,  a v e r a g e  

c a n o p y  c o v e r ,  a n d  i m p o r t a n c e  v a l u e  (IV) for each  s p e c i e s  s a m p l e d  

a t  Osage P r a i r i e  i s  g i v e n  b y  u n i t  f o r  t h e  e n t i r e  g r o w i n g  s e a s o n  

( a v e r a g e d  f o r  s p r i n g ,  s u m m e r ,  a n d  a u t u m n )  i n  A p p e n d i x  1 .  

I m p o r t a n c e  v a l u e ,  r e l a t i v e  f r e q u e n c y ,  a n d  c a n o p y  c o v e r  i s  g i v e n  

b y  s e a s o n  ( s p r i n g ,  summer  a n d  a u t u m n )  a n d  u n i t  for e a c h  s p e c i e s  

s a m p l e d  a t  Osage P r a i r i e  i n  A p p e n d i c e s  2,3, a n d  4 ,  r e s p e c t i v e l y .  

R e l a t i v e  f r e q u e n c y ,  c a n o p y  c o v e r ,  and  i m p o r t a n c e  v a l u e  a r e  g i v e n  

in A p p e n d i x  5 for s p e c i e s  s a m p l e d  a t  Diamond  G r o v e  P r a i r i e  a n d  i n  

A p p e n d i x  6 for s p e c i e s  s a m p l e d  a t  P a i n t  B r u s h  P r a i r i e .  The  

p e r c e n t  o f  s p e c i e s  c o m p o s i t i o n  a c c o u n t e d  for b y  t h e  m o s t  

i m p o r t a n t  p l a n t  f a m i l i e s  a t  each m a n a g e m e n t  u n i t  o f  t h e  t h r e e  

p r a i r i e s  s a m p l e d  i s  g i v e n  i n  T a b l e  2 .  

I m p o r t a n c e  v a l u e s  a v e r a g e d  f o r  t h e  e n t i r e  g r o w i n g  s e a s o n  i n d i c a t e  

t h a t  A n d r o p o g o n  g e r a r d i i  ( I V  74  t o  1 3 2 )  a n d  - A .  s c o p a r i u s  (IV 83 
t o  1 5 2 )  were d o m i n a n t  a t  e v e r y  u n i t  o f  Osage P r a i r i e  ( A p p e n d i x  

1 ) .  S o r g h a s t r u m  n u t a n s  ( I V  6 2  t o  1 2 3 )  was a l s o  d o m i n a n t  a t  e v e r y  

u n i t ,  w i t h  t h e  e x c e p t i o n  o f  t h e  n o r t h e a s t  h a y / b u r n  a r e a .  

A n d r o p o g o n  s c o p a r i u s  h a d  t h e  h i g h e s t  a v e r a g e  i m p o r t a n c e  v a l u e  

( 1 5 2 1 ,  a v e r a g e  r e l a t i v e  f r e q u e n c y  ( 9 8 ) ,  a n d  a v e r a g e  c a n o p y  c o v e r  

(54) o f  a l l  s p e c i e s  s t u d i e d  ( A p p e n d i x  1 )  a t  Osage P r a i r i e ,  a n d  

t h i s  o c c u r r e d  i n  t h e  n o r t h e a s t  h a y / b u r n  u n i t .  
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P 
w Plant  Family 

Grami neae 

Compos i t a e  

Cyperaceae 

Le g umi nos ae 

Table 2. Percent of species composition accounted for by the most important plant 
families at each management unit of Osage, Diamond Grove, and Paint Brush 
Prairies. Values given are the percentages of total species sampled at 
each unit that are accounted for by members of the given plant family. 
The range of composition value ( % )  for the 12 units are summarized. 
Abbreviations of the management units are as follows: SW=southwest, SC= 
south central, SE=southeast, C=central, E=east, NW=northwest, W=west, 
E=east, N=north, and S=south. In the future, the units will receive 
different management and will have the following names: SW hay = annual 
hay, SC hay = biennial hay, SE hay = triennial hay, C graze = moderate 
graze, E graze = light graze, NW hay/burn = NW burn, NE hay/burn = NE 
burn, and W graze/hay = hay/burn. 

OSAGE PRAIRIE 
S LJ sc SE C E N W  Hay/ NE Hay/ W Graze/ 
Hay Hay ti ay Graze Graze Burn B u r n  H ay 

20 20 23 20 21 22 20 19 

20 23 22 18 19 20 21 21 

9 10 8 6 6 9 8 7 

10 7 8 7 9 10 8 9 

IIAMOND G R O V E  
PRAIRIE 

E PI 

21 20 
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8 7 

PA1 NT B RUSI-. 
PRAIRIE 

N S 

16 21 

18 23 

8 6 

7 7 

kange 

16-23 
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6-11 
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A g r a s s  ( A n d r o p o g o n  g e r a r d i i ,  - A .  s c o p a r i u s ,  o r  A r i s t i d a  
l o n g e s p i c a )  was t h e  s i n g l e  most i m p o r t a n t  s p e c i e s  e a c h  s e a s o n  i n  

t h e  two b u r n  u n i t s ,  t h e  west g r a z e / h a y  u n i t  a n d  t h e  s o u t h e a s t  h a y  
a r e a  ( A p p e n d i x  2 ) .  T h e  f o r b  V i o l a  s a g i t t a t a  ( I V  9 7 ,  1 0 0 )  

d o m i n a t e d  t h e  r e m a i n i n g  two h a y  u n i t s  i n  s p r i n g ,  w h i l e  Andropogon  
g e r a r d i i  ( I V  71 t o  1 3 3 )  o r  S o r g h a s t r u m  n u t a n s  ( I V  1 0 7  t o  1 3 7 )  
were d o m i n a n t  i n  summer o r  f a l l .  T h e  t w o  g r a z e d  u n i t s  were 

d o m i n a n t e d  b y  Carex m e a d i i  ( I V  1 1 0  t o  1 7 4 1 ,  i n  s p r i n g  a n d  f a l l ,  

whereas  A n d r o p o g o n  g e r a r d i i  ( I V  1 1 7 ,  1 4 1 )  was t h e  m o s t  i m p o r t a n t  
s u m m e r  s p e c i e s .  A t  most u n i t s ,  V i o l a  s a g i t t a t a  was a d o m i n a n t  
f o r b  d u r i n g  a t  l e a s t  o n e  s e a s o n ,  a n d  i t  was a l s o  a u b i q u i t o u s  
f o r b  a t  T u c k e r  P r a i r i e  (Drew 1 9 4 7 ) ,  w h e r e  i t  h a d  a f r e q u e n c y  of  

1 0 0 % .  Drew s t a t e d  t h a t  t h e  r e m o v a l  o f  t a l l e r  p l a n t s  a s  a r e s u l t  

o f  g r a z i n g  a n d  mowing f a v o r e d  t h e  i n c r e a s e  of t h i s  d i m i n u t i v e  

p l a n t .  A n t e n n a r i a  n e g l e c t a  was a l s o  v e r y  f r e q u e n t  a t  T u c k e r  
P r a i r i e ,  p r e s u m a b l y  f o r  t h e  same r e a s o n  (Drew 1 9 4 7 ) .  I t  was f a r  
l e s s  f r e q u e n t  a t  t h e  t h r e e  p r a i r i e s  s t u d i e d  h e r e ,  h o w e v e r ,  w i t h  

l e s s  t h a n  25% r e l a t i v e  f r e q u e n c y  a t  e a c h  a r e a  s a m p l e d .  T h e  domi -  
n a n t  s p e c i e s  a n d  t h e i r  o r d e r  o f  d o m i n a n c e  v a r i e d  somewha t  b e t w e e n  
u n i t s ,  a s  s u m m a r i z e d  b e l o w .  

S o u t h w e s t  Hay U n i t .  I m p o r t a n c e  v a l u e s  a v e r a g e d  f r o m  a l l  t h r e e  

s e a s o n s  i n d i c a t e  t h a t  A n d r o p o g o n  s c o p a r i u s  ( I V  1 0 5 ) ,  S o r g h a s t r u n  
n u t a n s  ( I V  9 8 ) ,  C a r e x  m e a d i i  ( I V  8 2 1 ,  A .  v i r g i n i c u s  ( I V  8 0 1 ,  a n d  
A .  g e r a r d i i ,  were d o m i n a n t  g r a s s e s  a n d  s e d g e s  i n  t h e  s o u t h w e s t  
h a y  u n i t .  I m p o r t a n t  f o r b s  a t  t h i s  u n i t  were V i o l a  s a g i t t a t a  

( I V  9 9 1 ,  Aster p i l o s u s  ( I V  5 6 1 ,  a n d  P s o r a l e a  p s o r a l e o i d e s  
(IV 5 6 ) .  A l t h o u g h  A n d r o p o g o n  s c o p a r i u s  had  t h e  h i g h e s t  

i m p o r t a n c e  v a l u e  ( 1 0 5 ) ,  V i o l a  s a g i t t a t a  was t h e  m o s t  f r e q u e n t  
( 9 3 % ) .  Andropogon  s c o p a r i u s ,  H e l i a n t h u s  m o l l i s ,  a n d  S o r g h a s t r u m  
n u t a n s  h a d  t h e  h i g h e s t  c a n o p y  c o v e r s  ( 2 6 %  e a c h ) .  

- 
- 

S e a s o n a l  v a r i a t i o n  i n  c o m p o s i t i o n  a t  t h e  s o u t h w e s t  h a y  u n i t  i s  

r e a d i l y  a p p a r e n t  f rom A p p e n d i c e s  2 ,  3 ,  a n d  4 .  O f  t h e  1 2 5  s p e c i e s  
s a m p l e d  a t  t h i s  u n i t ,  1 4  s p e c i e s  o c c u r r e d  o n l y  i n  s p r i n g ,  1 5  
s p e c l e s  o c c u r r e d  o n l y  i n  s u m m e r ,  7 s p e c i e s  o c c u r r e d  o n l y  i n  f a l l ,  
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a n d  3 7  s p e c i e s  were p r e s e n t  i n  a l l  s e a s o n s .  I n  e a c h  s e a s o n  

A n d r o p o g o n  s c o p a r i u s  ( I V  8 9  t o  1 2 9 ) ,  S o r g h a s t r u m  n u t a n s  ( I V  7 8  t o  

1 1 0 )  a n d  V i o l a  s a g i t t a t a  ( I V  9 6  t o  1 0 3 )  were among t h e  m o s t  

i m p o r t a n t  s p e c i e s .  O t h e r  d o m i n a n t s  b y  s e a s o n  a r e  a s  f o l l o w s :  

s p r i n g  - P y c n a n t h e m u m  t e n u i f o l i u m  ( I V  8 9 ) ,  C a r e x  m e a d i i  ( I V  8 5 1 ,  
a n d  P s o r a l e a  p s o r a l e o i d e s  ( I V  8 0 ) ;  summer  - A n d r o p o g o n  g e r a r d i i  

( I V  1 3 3 1 ,  A g r o s t i s  h y e m a l i s  ( I V  1 1 9 1 ,  P a n i c u m  l a n u g i n o s u m  ( I V  

1 0 2 1 ,  P a s p a l u m  s p .  ( I V  9 4 ) ,  a n d  Aster p i l o s u s  ( I V  9 1 ) ;  f a l l  - 
Carex m e a d i i  ( I V  9 7 1 ,  A n d r o p o g o n  v i r g i n i c u s  ( I V  9 5 1 ,  A r i s t i d a  

l o n g e s p i c a  ( I V  9 3 ) ,  - A .  o l i g a n t h a  ( I V  g o ) ,  a n d  Aster p i l o s u s  ( I V  

75). 

S o u t h  C e n t r a l  Hay U n i t .  D o m i n a n t  g r a s s e s ,  b a s e d  on  i m p o r t a n c e  

v a l u e s  c o m p i l e d  f r o m  a l l  s e a s o n s ,  were A n d r o p o g o n  s c o p a r i u s  ( I V  

1 1 6 1 ,  S o r g h a s t r u m  n u t a n s  ( I V  1 1 4 1 ,  P a n i c u m  l a n u g i n o s u m  ( I V  9 6 1 ,  

- A .  g e r a r d i i  ( I V  851, a n d  - A .  v i r g i n i c u s  ( I V  8 2 ) .  C a r e x  m e a d i i  ( I V  

6 2 )  was t h e  m o s t  i m p o r t a n t  sedge  a t  t h i s  u n i t ,  w h i l e  d o m i n a n t  

f o r b s  were V i o l a  s a g i t t a t a  ( I V  9 3 1 ,  P o t e n t i l l a  s i m p l e x  ( I V  6 5 1 ,  

a n d  Aster p i l o s u s  ( 1 V  6 3 ) .  A n d r o p o g o n  s c o p a r i u s  h a d  t h e  h i g h e s t  

a v e r a g e  i m p o r t a n c e  v a l u e  ( 1 1 6 )  a n d  a v e r a g e  c a n o p y  c o v e r  ( 3 5 % )  o f  

t h e  1 2 7  t a x a  s a m p l e d ,  b u t  V i o l a  s a g i t t a t a  was t h e  m o s t  f r e q u e n t  

(85%) s p e c i e s .  S e v e r a l  f o r b s  h a d  a v e r a g e  i m p o r t a n c e  v a l u e s ,  

c a n o p y  c o v e r s ,  or f r e q u e n c i e s  b e l o w  1 .  

I n  a d d i t i o n  t o  h a v i n g  h i g h  a v e r a g e  i m p o r t a n c e  v a l u e s  for t h e  

e n t i r e  g r o w i n g  s e a s o n ,  S o r g h a s t r u m  n u t a n s  ( I V  7 1  t o  1 3 7 1 ,  

A n d r o p o g o n  s c o p a r i u s  ( I V  9 1  t , o  1 3 6 ) ,  a n d  A n d r o p o g o n  v i r g i n i c u s  

( I V  7 2  t o  9 6 )  were a l s o  d o m i n a n t  w i t h i n  each  s e a s o n  a t  t h e  s o u t h  

c e n t r a l  h a y  u n i t .  O t h e r  s p r i n g  d o m i n a n t s  a t  t h i s  a r e a  were V i o l a  

s a g i t t a t a  ( I V  9 7 ) ,  C a r e x  m e a d i i  ( I V  8 7 1 ,  A g r o s t i s  h y e m a l i s  (IV 

o t h e r  summer  d o m i n a n t s  were A n d r o p o g o n  g e r a r d i i  ( I V  1 2 2 1 ,  

A r i s t i d a  s p .  ( I V  1181 ,  P a n i c u m  l a n u g i n o s u m  ( I V  1 1 0 1 ,  A g r o s t i s  

h y e m a l i s  ( I V  l o g ) ,  P a s p a l u m  s p .  ( I V  l o g ) ,  V i o l a  s a g i t t a t a  ( I V  

1 0 7 1 ,  a n d  R h y n c h o s p o r a  g l o b u l a r i s  ( I V  9 2 ) .  A d d i t i o n a l  d o m i n a n t  
s p e c i e s  i n  f a l l  were P a n i c u m  l a n u g i n o s u m  ( I V  1 2 7 ) ,  A n d r o p o g o n  
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g e r a r d i i  ( I V  1 2 2 ) ,  A r i s t i d a  l o n g e s p i c a  ( I V  1 0 6 ) ,  Aster  p i l o s u s  

( I V  8 9 ) ,  a n d  R u e l l i a  h u m i l i s .  T h i r t y - s i x  s p e c i e s  o c c u r r e d  

t h r o u g h o u t  a l l  s e a s o n s .  T h e  n u m b e r  o f  s p e c i e s  s a m p l e d  

e x c l u s i v e l y  i n  o n e  s e a s o n  a r e  a s  f o l l o w s :  1 6  i n  s p r i n g ,  1 8  i n  

s u m m e r ,  a n d  1 4  i n  f a l l .  T h e  m a j o r i t y  o f  s p e c i e s  o c c u r r e d  d u r i n g  

two s e a s o n s .  

S o u t h e a s t  Hay U n i t .  D o m i n a n t  g r a s ses  a t  t h i s  u n i t ,  b a s e d  on  

i m p o r t a n c e  v a l u e s  a v e r a g e d  f o r  t h e  t h r e e  s e a s o n s ,  were A n d r o p o g o n  
s c o p a r i u s  ( I V  1 2 4 1 ,  S o r g h a s t r u m  n u t a n s  ( I V  991 ,  P a n i c u m  

l a n u g i n o s u m  ( I V  8 2 ) ,  A n d r o p o g o n  t e r n a r i u s  ( I V  7 9 ) ,  a n d  A n d r o p o g o n  

g e r a r d i i  ( I V  7 4 1 ,  w h i l e  d o m i n a n t  s edges  were C a r e x  m e a d i i  (IV 

f o r b s  were Vio la  s a g i t t a t a  ( I V  7 9 1 ,  E r i g e r o n  s t r i g o s u s  (IV 6 7 1 ,  
a n d  R u d b e c k i a  h i r t a  ( I V  6 7 ) .  A s  w i t h  t h e  s o u t h w e s t  a n d  s o u t h  

c e n t r a l  h a y  u n i t s ,  A n d r o p o g o n  s c o p a r i u s  was t h e  m o s t  i m p o r t a n t  

s p e c i e s  ( I V  1 2 4 )  a t  t h e  s o u t h e a s t  h a y  u n i t  o f  t h e  1 3 0  t a x a  

s a m p l e d .  I n  c o n t r a s t  w i t h  t h e  two o t h e r  h a y  a r e a s ,  A n d r o p o g o n  

s c o p a r i u s  was t h e  m o s t  f r e q u e n t  s p e c i e s  ( 8 4 % ) a t  t h i s  u n i t  r a t h e r  

t h a n  V io la  s a g i t t a t a .  

T h e  n u m b e r  o f  s p e c i e s  s a m p l e d  d u r i n g  o n l y  o n e  s e a s o n  a t  t h e  

s o u t h e a s t  h a y  u n i t  r a n g e d  f r o m  1 6  t o  1 9 .  A n d r o p o g o n  s c o p a r i u s  

( I V  1 0 1  t o  1 5 4 )  a n d  S o r g h a s t r u m  n u t a n s  ( I V  7 7  t o  1 1 3 )  were 

d o m i n a n t  g r a s s e s  each s e a s o n  a t  t h i s  a r e a ,  w h i l e  A n d r o p o g o n  

g e r a r d i i  ( I V  1 0 1 ,  9 0 )  a n d  A n d r o p o g o n  t e r n a r i u s  ( I V  8 9 ,  9 9 )  were 

a l s o  d o m i n a n t  g rasses  i n  summer  a n d  a u t u m n .  S p e c i e s  d o m i n a n t  i n  
b o t h  s p r i n g  a n d  summer  were C a r e x  m e a d i i  ( I V  9 9 ,  8 0 )  a n d  V i o l a  

s a g i t t a t a  ( I V  8 9  each s e a s o n ) .  A d d i t i o n a l  d o m i n a n t s  d u r i n g  e a c h  

s e a s o n  a r e  a s  f o l l o w s :  s p r i n g  - A g r o s t i s  h y e m a l i s  ( I V  8 2 1 ,  

K r i g i a  s p .  ( I V  7 9 1 ,  H o u s t o n i a  m i n i m a  ( I V  7 4 1 ,  a n d  P l a n t a g o  

v i r g i n i c a  ( I V  7 1 ) ;  summer  - A g r o s t i s  h y e m a l i s  ( I V  1051,  R u d b e c k i a  

h i r t a  ( I V  9 9 ) ,  A r i s t i d a  s p .  ( I V  9 3 ) ,  P a n i c u m  l a n u g i n o s u m  ( I v  

85), a n d  S c h r a n k i a  u n c i n a t a  ( I V  8 3 ) ;  a n d  f a l l  - A r i s t i d a  

l o n g e s p i c a  ( I V  1 2 5 ) ,  P a n i c u m  l a n u g i n o s u m  ( I V  1 0 6 1 ,  A r i s t i d a  

o l i g a n t h a  ( I V  9 8 1 ,  A n d r o p o g o n  v i r g i n i c u s  ( I V  941, R h y n c h o s p o r a  



g l o b u l a r i s  ( I V  881 ,  E r i g e r o n  s t r i g o s u s  ( I V  8 1 1 ,  a n d  As te r  P i l o S U S  

( I V  8 1 ) .  

Eas t  G r a z e  U n i t .  O f  t h e  1 4 6  t a x a  s a m p l e d  a t  t h i s  u n i t ,  1 2  

s p e c i e s  were n o n - n a t i v e ,  w h i c h  i n c l u d e d  6 g r a s s e s ,  5 f o r b s ,  a n d  
1 s h r u b .  D o m i n a n t  sedges  a n d  g r a s s e s  a t  t h e  e a s t  g r a z e  u n i t  were 

C a r e x  m e a d i i  ( I V  l 3 l ) ,  A n d r o p o g o n  g e r a r d i i  ( I V  l l 3 ) ,  A g r o s t i s  

h y e m a l i s  ( I V  8 6 1 ,  A n d r o p o g o n  s c o p a r i u s  ( I V  8 4 1 ,  P a n i c u m  

l a n u g i n o s u m  ( I V  781,  a n d  S o r g h a s t r u m  n u t a n s  ( I V  7 0 ) .  C a r e x  

m e a d i i  was t h e  m o s t  f r e q u e n t  s p e c i e s  ( 9 3 % )  a n d  h a d  t h e  g r e a t e s t  

c a n o p y  c o v e r  ( 3 8 ) .  V i o l a  s a g i t t a t a  ( I V  8 0 )  was t h e  m o s t  
i m p o r t a n t  f o r b  a t  t h i s  a r e a ,  a s  i t  was a t  s i x  o t h e r  Osage P r a i r i e  

u n i t s .  T h i s  i s  t h e  o n l y  a r ea  s a m p l e d  i n  w h i c h  S o l i d a g o  

g y m n o s p e r m o i d e s  ( I V  7 4 )  was among t h e  d o m i n a n t  f o r b s .  O t h e r  

i m p o r t a n t  f o r b s  were P o t e n t i l l a  s i m p l e x  ( I V  5 9 1 ,  P y c n a n t h e m u m  
t e n u i f o l i u m  ( I V  5 9 ) ,  a n d  H e l i a n t h u s  m o l l i s  ( I V  5 8 ) .  

D u r i n g  e a c h  s e a s o n  a t  t h e  e a s t  g r a z e  u n i t ,  A n d r o p o g o n  g e r a r d i i  

( I V  9 5  t o  1 4 1 )  a n d  C a r e x  m e a d i i  ( I V  1 1 8  t o  1 5 0 )  were d o m i n a n t .  

S o l i d a g o  g y m n o s p e r m o i d e s  ( I V  8 7 1 ,  A g r o s t i s  h y e m a l i s  ( I V  7 5 1 ,  

H y p o x i s  h i r s u t a  ( I V  7 4 )  a n d  O x a l i s  v i o l a c e a  ( I V  7 0 )  were a l s o  

d o m i n a n t  i n  s p r i n g ,  w h i l e  a d d i t i o n a l  summer  d o m i n a n t s  were 

A g r o s t i s  h y e m a l i s  ( I V  1 1 0 1 ,  A n d r o p o g o n  s c o p a r i u s  ( I V  1 0 3 1 ,  Rromus  

r a c e m o s u s  ( I V  9 7 ,  a n  i n t r o d u c e d  g r a s s ) ,  P a n i c u m  l a n u g i n o s u m  ( I V  

9 5 1 ,  S o r g h a s t r u m  n u t a n s  ( I V  9 2 1 ,  P o l y g a l a  s a n g u i n e a  ( I V  9 0 1 ,  a n d  

V i o l a  s a g i t t a t a  ( I V  8 4 ) .  O t h e r  i m p o r t a n t  s p e c i e s  i n  a u t u m n  were 

A n d r o p o g o n  s c o p a r i u s  ( I V  9 4 1 ,  V i o l a  s a g i t t a t a  ( I V  8 7 1 ,  P a n i c u m  

l a n u g i n o s u m  ( I V  7 8 ) ,  S o r g h a s t r u m  n u t a n s  ( I V  7 2 1 ,  a n d  A g r o s t i s  

h y e m a l i s  ( I V  7 1 ) .  

C e n t r a l  G r a z e  U n i t .  T h i s  u n i t  h a d  t h e  h i g h e s t  s p e c i e s  r i c h n e s s  

( 1 5 2  s p e c i e s  s a m p l e d )  o f  t h e  e i g h t  a r e a s  s a m p l e d  a t  Osage P r a i r i e  

a n d  a l s o  c o n t a i n e d  t h e  l a r g e s t  n u m b e r  ( 1 3 )  o f  i n t r o d u c e d  s p e c i e s .  

T h e  g r e a t e s t  n u m b e r  of' g r a s s e s  ( 3 0  s p e c i e s )  o c c u r r e d  h e r e  a n d  a t  

t h e  e a s t  g r a z e  u n i t .  D o m i n a n t  g r a s s e s  a n d  s e d g e s ,  i n  d e c r e a s i n g  

o r d e r  o f  a v e r a g e  i m p o r t a n c e ,  were C a r e x  m e a d i i  ( I V  1 0 6 1 ,  
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A n d r o p o g o n  g e r a r d i i  ( I V  871, A n d r o p o g o n  s c o p a r i u s  ( I V  831, 
P a n i c u m  l a n u g i n o s u m  ( I V  791, a n d  A g r o s t i s  h y e m a l i s  ( I V  62). 
Vio la  s a g i t t a t a  a n d  P o t e n t i l l a  s i m p l e x  were t h e  o n l y  f o r b s  with 

i m p o r t a n c e  v a l u e s  a b o v e  50. T h e  s h r u b ,  R u b u s  s p .  was more 

i m p o r t a n t  h e r e  ( I V  53) t h a n  a t  a n y  o t h e r  Osage P r a i r i e  u n i t .  

A t  t h e  c e n t r a l  g r a z e  u n i t ,  C a r e x  m e a d i i  ( I V  95 t o  174) a n d  

A n d r o p o g o n  s c o p a r i u s  ( I V  72 t o  9 0 )  were d o m i n a n t  i n  s p r i n g ,  

s u m m e r ,  a n d  f a l l .  S p r i n g  d o m i n a n t s  a l s o  i n c l u d e d  P o t e n t i l l a  

s i m p l e x  ( I V  77), V i o l a  s a g i t t a t a  ( I V  75), a n d  R a n u n c u l u s  

f a s c i c u l a r i s  ( I V  74), w i t h  o t h e r  summer  d o m i n a n t s  i n c l u d i n g  

A n d r o p o g o n  g e r a r d i i  ( I V  117), B r o m u s  r a c e m o s u s  ( I V  1061, P a n i c u m  

l a n u g i n o s u m  ( I V  iO3), P t i l i m n i u m  n u t t a l l i i  ( I V  1001, C a r e x  m e a d i i  

( I V  951, a n d  A g r o s t i s  h y e m a l i s  ( I V  92). A d d i t i o n a l  f a l l  

d o m i n a n t s  were V i o l a  s a g i t t a t a  ( I V  951, A n d r o p o g o n  g e r a r d i i  ( I V  

881, P a n i c u m  l a n u g i n o s u m  ( I V  80), P o t e n t i l l a  s i m p l e x  ( I V  741, 
L e p t o l o m a  c o g n a t u m  ( I V  73), a n d  S o r g h a s t r u m  n u t a n s  ( I V  72). 

West Graze/Hay U n i t .  Grasses a n d  s e d g e s  w i t h  t h e  h i g h e s t  a v e r a g e  

i m p o r t a n c e  v a l u e s  f o r  t h e  e n t i r e  y e a r  a t  t h e  west g r a z e / h a y  u n i t  

were A n d r o p o g o n  s c o p a r i u s  ( I V  140), A n d r o p o g o n  g e r a r d i i  ( I V  1221, 
P a n i c u m  l a n u g i n o s u m  ( I V  116), S o r g h a s t r u m  n u t a n s  ( I V  961, C a r e x  

m e a d i i  ( I V  74), a n d  S e t a r i a  g e n i c u l a t a  ( I V  72). I n  a d d i t i o n  t o  

b e i n g  t h e  most i m p o r t a n t  s p e c i e s  a t  t h i s  u n i t ,  A n d r o p o g o n  

s c o p a r i u s  was a l s o  t h e  m o s t  f r e q u e n t  (92%) a n d  h a d  t h e  h i g h e s t  

a v e r a g e  c a n o p y  c o v e r  (54). D o m i n a n t  f o r b s  were P y c n a n t h e m u m  

t e n u i f o l i u m  ( I V  801, R u e l l i a  h u m i l i s  ( I V  801, Vio la  s a g i t t a t a  ( I V  

801, a n d  P o t e n t i l l a  s i m p l e x  ( I V  76). Rosa C a r o l i n a  ( I V  8 4 )  was 

more i m p o r t a n t  a t  t h i s  u n i t  t h a n  a t  a n y  o t h e r  s t u d i e d .  A t o t a l  

o f  140 s p e c i e s  were s a m p l e d  d u r i n g  t h e  y e a r .  

S p e c i e s  d o m i n a n t  d u r i n g  e a c h  s eason  a t  t h e  west  g r a z e / h a y  u n i t  

were A n d r o p o g o n  s c o p a r i u s  ( I V  132 t o  1501, A n d r o p o g o n  g e r a r d i i  

(IV 102 t o  1341, P a n i c u m  l a n u g i n o s u m  ( I V  101 t o  1241, a n d  

S o r g h a s t r u m  n u t a n s  ( I V  88 t o  102). I n  s p r i n g ,  a d d i t i o n a l  d o m i -  

n a n t s  were C a r e x  m e a d i i  ( I V  log), P o t e n t i l l a  s i m p l e x  ( I V  51 t o  
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g l ) ,  S o r g h a s t r u m  n u t a n s  ( I V  8 8 ) ,  a n d  V i o l a  s a g i t t a t a  ( I V  8 4 1 ,  
w h i l e  o t h e r  summer  d o m i n a n t s  i n c l u d e d  A r i s t i d a  s p .  ( I V  1 0 9 1 ,  

P o l y g a l a  s a n g u i n e a  ( I V  9 3 1 ,  P y c n a n t h e m u m  t e n u i f o l i u m  ( I V  9 2 1 ,  a n d  

S e t a r i a  g e n i c u l a t a  ( I V  9 1 ) .  L e p t o l o r n a  c o g n a t u m  ( I V  9 9 1 ,  S e t a r i a  

g e n i c u l a t a  ( I V  9 2 ) ,  A r i s t i d a  l o n g e s p i c a  ( I V  901, a n d  A r i s t i d a  

p u r p u r a s c e n s  ( I V  8 6 )  were d o m i n a n t  i n  a u t u m n .  

N o r t h w e s t  H a y / B u r n  U n i t .  T h e  d o m i n a n t  g r a s s e s  a n d  s edges  a n d  

t h e i r  o r d e r  o f  d o m i n a n c e  was t h e  same a t  t h e  n o r t h w e s t  h a y / b u r n  

u n i t  a s  a t  t h e  s o u t h  c e n t r a l  h a y  u n i t ,  e x c e p t  A n d r o p o g o n  
v i r g i n i c u s  was n o t  among t h e  d o m i n a n t s  h e r e .  V i o l a  s a g i t t a t a  

a n d  R u e l l i a  h u m i l i s  were t h e  o n l y  f o r b s  w i t h  a v e r a g e  i m p o r t a n c e  

v a l u e s  of  6 0  or more. One h u n d r e d  a n d  e l e v e n  s p e c i e s  were 

s a m p l e d  h e r e ,  w h i c h  was l ess  t h a n  a t  a n y  o t h e r  Osage P r a i r i e  

u n i t .  

T h e  most i m p o r t a n t  s p e c i e s  i n  s p r i n g ,  s u m m e r ,  a n d  f a l l  a t  t h e  

n o r t h w e s t  h a y / b u r n  u n i t  i n c l u d e d  A n d r o p o g o n  s c o p a r i u s  ( 1 1 4  t o  

1 6 1 ) ,  S o r g h a s t r u m  n u t a n s  ( I V  8 7  t o  1 2 2 ) ,  P a n i c u m  l a n u g i n o s u m  ( I V  

82  t o  1 1 4 1 ,  A n d r o p o g o n  g e r a r d i i  ( I V  87 t o  1 0 5 ) ,  a n d  V io la  

s a g i t t a t a  ( I V  7 7  t o  8 5 ) .  I n  a d d i t i o n  t o  t h e s e ,  O x a l i s  v i o l a c e a  

( I V  8 3 ) ,  Carex m e a d i i  ( I V  7 7 ) ,  a n d  P s o r a l e a  p s o r a l e o i d e s  ( I V  7 4 )  

were s p r i n g  d o m i n a n t s ,  w h i l e  a d d i t i o n a l  summer  d o m i n a n t s  were 

A r i s t i d a  s p .  ( I V  1 0 2 1 ,  P s o r a l e a  p s o r a l e o i d e s  ( I V  8 2 1 ,  a n d  

R u d b e c k i a  h i r t a  ( I V  8 1 ) .  A r i s t i d a  l o n g e s p i c a  ( I V  8 7 1 ,  A r i s t i d a  

p u r p u r a s c e n s  ( I V  7 3 1 ,  Carex m e a d i i  ( I V  7 0 1 ,  a n d  O x a l i s  d i l l e n i i  

( I V  7 0 )  were d o m i n a n t  i n  a u t u m n  a l s o .  

N o r t h e a s t  H a y / B u r n  U n i t .  D o m i n a n t  g r a s s e s  a n d  s e d g e s ,  b a s e d  o n  

i m p o r t a n c e  v a l u e s  from a l l  t h r e e  s e a s o n s ,  were A n d r o p o g o n  

s c o p a r i u s  ( I V  1 5 2 1 ,  A n d r o p o g o n  g e r a r d i i  ( I V  1 3 2 ) ,  S o r g h a s t r u m  

n u t a n s  ( I V  l 2 3 ) ,  P a n i c u m  l a n u g i n o s u m  ( I V  1 1 3 1 ,  a n d  C a r e x  m e a d i i  

( I V  9 6 ) ,  w i t h  t h e  m o s t  i m p o r t a n t  f o r b s  i n c l u d i n g  V i o l a  s a g i t t a t a  

( I V  831 ,  Aster p i l o s u s  ( I V  6 7 1 ,  a n d  P s o r a l e a  p s o r a l e o i d e s  ( I V  

6 5 ) .  One h u n d r e d  a n d  t w e n t y  s p e c i e s  were s a m p l e d  h e r e  d u r i n g  t h e  

year. 
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E a c h  o f  t h e  g r a s s e s  a n d  s e d g e s  l i s t e d  a b o v e  a s  d o m i n a n t s  i n  t h e  

n o r t h e a s t  h a y / b u r n  u n i t  were a l s o  d o m i n a n t  w i t h i n  e a c h  s e a s o n .  

P s o r a l e a  p s o r a l e o i d e s  ( I V  1051,  O x a l i s  v i o l a c e a  ( I V  9 7 1 ,  a n d  

V i o l a  s a g i t t a t a  ( I V  9 3 )  were d o m i n a n t  s p r i n g  f o r b s ,  a n d  R u d b e c k i a  

h i r t a  ( I V  93), P s o r a l e a  p s o r a l e o i d e s  ( I V  89), a n d  V i o l a  s a g i t t a t a  

( I V  88)  were d o m i n a n t  summer  f o r b s .  A d d i t i o n a l  s p e c i e s  d o m i n a n t  

i n  a u t u m n  were Aster p i l o s u s  ( I V  8 0 ) ,  V i o l a  s a g i t t a t a  (IV 791, 
O x a l i s  d i l l e n i i  ( I V  78), a n d  A r i s t i d a  p u r p u r a s c e n s  ( I V  7 5 ) .  

V e g e t a t i o n  a n d  P a s t  M a n a g e m e n t  R e l a t i o n s h i p s .  S p e c i e s  

i m p o r t a n c e s  a t  Osage P r a i r i e  v a r i e d  w i t h  p a s t  m a n a g e m e n t  

p r a c t i c e s .  C a r e x  m e a d i i ,  C e r a s t i u m  v u l g a t u m ,  S o l i d a g o  

g y m n o s p e r m o i d e s ,  V e r n o n i a  b a l d w i n i i ,  a n d  V e r n o n i a  s p .  r e a c h e d  

t h e i r  h i g h e s t  i m p o r t a n c e  v a l u e s  a t  t h e  t w o  g r a z e d  u n i t s  ( c e n t r a l  

a n d  e a s t  g r a z e  u n i t s ) .  On t h e  o t h e r  h a n d ,  t h e  l o w e s t  i m p o r t a n c e  

v a l u e s  f o r  Amorpha  c a n e s c e n s ,  A n d r o p o g o n  t e r n a r i u s ,  A n d r o p o g o n  

v i r g i n i c u s ,  A r i s t i d a  l o n g e s p i c a ,  F i m b r i s t y l i s  c a r o l i n i a n a ,  

P s o r a l e a  p s o r a l i o i d e s ,  R h y n c h o s p o r a  g l o b u l a r i s ,  R u d b e c k i a  h i r t a ,  

S c h r a n k i a  u n c i n a t a ,  S c l e r i a  t r i g l o m e r a t a ,  a n d  S o r g h a s t r u m  n u t a n s  

o c c u r r e d  a t  t h e  t w o  g r a z e d  u n i t s .  A t  t h e  t h r e e  u n b u r n e d  h a y  

u n i t s ,  L e p t o l o m a  c o g n a t u m  h a d  i t s  l o w e s t  i m p o r t a n c e  v a l u e s ,  w h i l e  

A n d r o p o g o n  v i r g i n i c u s ,  E r i g e r o n  s t r i g o s u s ,  a n d  H o u s t o n i a  m i n i m a  

h a d  t h e i r  h i g h e s t  i m p o r t a n c e  v a l u e s .  S i n c e  t h e  t w o  h a y / b u r n  

u n i t s  h a v e  a l o n g  h i s t o r y  o f  a n n u a l  mowing  a n d  h a v e  b e e n  b u r n e d  

o n l y  o n c e  i n  t h e  r e c e n t  p a s t ,  a n y  comments  on s p e c i e s  c o m p o s i t i o n  

i n  r e l a t i o n  t o  b u r n i n g  a t  t h e s e  u n i t s  w o u l d  p r o b a b l y  b e  s p u r i o u s .  

O u r  f i n d i n g s  p a r t i a l l y  a g r e e  w i t h  K u c e r a ' s  ( 1 9 5 6 )  l i s t  of  s p e c i e s  

t h a t  i n c r e a s e d  or d e c r e a s e d  w i t h  g r a z i n g  o n  T u c k e r  P r a i r i e .  

S p e c i e s  K u c e r a  l i s t e d  a s  a b s e n t  or l e s s  f r e q u e n t  o n  g r a z e d  

p r a i r i e ,  w h i c h  were a l s o  a b s e n t  or l e s s  f r e q u e n t  o n  g r a z e d  

p o r t i o n s  o f  Osage P r a i r i e  i n c l u d e :  Amorpha  c a n e s c e n s ,  A s c l e p i a s  

h i r t e l l a ,  E u p h o r b i a  c o r o l l a t a ,  a n d  G e n t i a n a  p u b e r u l e n t a .  P l a n t s  

t h a t  were more f r e q u e n t  u n d e r  g r a z i n g  a t  T u c k e r  P r a i r i e  a n d  t h a t  
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showed t h e  same t e n d e n c y  a t  Osage P r a i r i e  a r e  C e r a s t i u m  v u l g a t u m  

a n d  M y o s o t i s  v i r g i n i c a .  T h e  s t u d y  a r e a  a t  T u c k e r  P r a i r i e  was 

h e a v i l y  g razed  a n d  c o m p o s i t i o n a l  c h a n g e s  were p r o b a b l y  m o r e  

p r o n o u n c e d  t h a n  t h o s e  a t  t h e  c o m p a r a t i v e l y  l i g h t l y  g r a z e d  u n i t s  

o f  O s a g e  P r a i r i e .  

Diamond G r o v e  P r a i r i e  

S e v e r a l  d o m i n a n t  s p e c i e s  a t  t h e  two Diamond  G r o v e  P r a i r i e  u n i t s  

d i f f e r e d  m a r k e d l y  from t h o s e  a t  Osage P r a i r i e  ( A p p e n d i x  5 ) .  

U n l i k e  Osage P r a i r i e ,  S p o r o b o l u s  h e t e r o l e p i s  ( I V  1 4 4 ,  9 1 )  was a 

d o m i n a n t  g r a s s  a n d  Marsha l l i a  c a e s p i t o s a  ( I V  6 4 ,  6 8 )  was a 

d o m i n a n t  f o r b  a t  b o t h  Diamond G r o v e  P r a i r i e  a r e a s .  In a d d i t i o n ,  

P o l y g a l a  s a n g u i n e a  was a r e l a t i v e l y  i m p o r t a n t  f o r b  a t  t h e  west 

u n i t  ( I V  7 1 1 ,  w h i l e  L o b e l i a  s p i c a t a  was r e l a t i v e l y  i m p o r t a n t  a t  

t h e  e a s t  u n i t  ( I V  7 1 ) .  O t h e r  g r a s s e s  d o m i n a n t  a t  b o t h  u n i t s  o f  

Diamond  G r o v e  were A n d r o p o g o n  s c o p a r i u s  ( I V  1 3 8 ,  1 4 4 ) ,  A n d r o P o g o n  

g e r a r d i i  ( I V  1 0 8 ,  1 3 9 1 ,  a n d  S o r g h a s t r u m  n u t a n s  ( I V  8 5 ,  1 0 2 ) .  T h e  

e a s t  u n i t  was t h e  o n l y  o n e  o f  t h e  12  u n i t s  s t u d i e d  i n  w h i c h  

P a n i c u m  v i r g a t u m  was a r e l a t i v e l y  i m p o r t a n t  g r a s s  ( I V  9 3 ) .  I n  

a d d i t i o n  t o  t h e  f o r b s  p r e v i o u s l y  m e n t i o n e d ,  P s o r a l e a  p s o r a l e o i d e s  

( I V  6 7 ,  8 5 )  was among t h e  most i m p o r t a n t  f o r b s  a t  b o t h  a r e a s ,  

w h i l e  E r i g e r o n  s t r i g o s u s  ( I V  6 3 )  was r e l a t i v e l y  i m p o r t a n t  o n l y  a t  

t h e  e a s t  u n i t .  T h e  most i m p o r t a n t  member o f  Cyperaceae  was C a r e x  

m e a d i i  (IV 8 2 )  a t  t h e  west u n i t  a n d  F i m b r i s t y l i s  c a r o l i n i a n a  ( I V  

67) a t  t h e  e a s t  u n i t .  

P a i n t  B r u s h  P r a i r i e  

A 3  w i t h  Diamond  G r o v e  P r a i r i e , '  S p o r o b o l u s  h e t e r o l e p i s  ( I V  8 3 ,  
1 6 1 )  a n d  A n d r o p o g o n  s c o p a r i u s  ( I V  8 5 ,  9 8 )  a r e  among t h e  d o m i n a n t  

g r a s s e s  a t  b o t h  u n i t s  o f  P a i n t b r u s h  P r a i r i e  ( A p p e n d i x  6 ) .  O t h e r  

d o m i n a n t  g r a s s e s  were P a n i c u m  l a n u g i n o s u m  ( I V  7 5 )  a t  t h e  n o r t h  

u n i t  a n d  A n d r o p o g o n  v i r g i n i c u s  (IV 9 5 ) ,  P a s p a l u m  s p .  ( I V  80) a n d  

A g r o s t i s  h y e m a l i s  ( I V  7 4 )  a t  t h e  s o u t h  a r e a .  A t  b o t h  s i t e s  C a r e x  

m e a d i i  ( I V  6 2 ,  1 1 8 )  was t h e  most i m p o r t a n t  s edge  a n d  Rosa 

C a r o l i n a  ( I V  9 5 ,  9 9 )  was a r e l a t i v e l y  i m p o r t a n t  s h r u b .  
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I n  a d d i t i o n  t o  b e i n g  a d o m i n a n t  g r a s s  a t  t h e  a n n u a l l y  h a y e d  s o u t h  

u n i t ,  A n d r o p o g o n  v i r g i n i c u s  h a d  i t s  g r e a t e s t  f r e q u e n c y  o n  a r e a s  

o f  Osage P r a i r i e  a n d  Diamond  Grove Pra i r1 .e  t h a t  h a d  b e e n  a n n u a l l y  

h a y e d .  T h i s  agrees  w i t h  I r v i n g  e t  a l .  ( 1 9 8 0 )  f i n d i n g  t h a t  

A n d r o p o g o n  v i r g i n i c u s  was d o m i n a n t  o r  m o s t  f r e q u e n t  o n  a n n u a l l y  

d i s t u r b e d  p r a i r i e s  ( h a y e d  a n d  b u r n e d  e v e r y  y e a r )  i n  e a s t e r n  

A r k a n s a s .  

D o m i n a n t  f o r b s  d i f f e r e d  b e t w e e n  t h e  t w o  s i t e s  a t  P a i n t  B r u s h  

P r a i r i e ,  w i t h  t h e  e x c e p t i o n  of C r o t o n o p s i s  e l l i p t i c a ,  t h e  o n l y  
f o r b  d o m i n a n t  a t  b o t h  s i t e s .  C o r e o p s i s  p a l m a t a  a n d  E u p h o r b i a  

c o r o l l a t a  were d o m i n a n t  f o r b s  a t  t h e  n o r t h  u n i t ,  w h i l e  P l a n t a g o  

a r i s t a t a ,  O e n o t h e r a  l i n i f o l i a ,  R u e l l i a  h u m i l i s ,  V i o l a  s a g i t t a t a ,  

a n d  P o t e n t i l l a  s i m p l e x  were d o m i n a n t  a t  t h e  s o u t h  u n i t .  

COMPARISON OF MANAGEMENT U N I T S  - S i m i l a r i t y  a n d  C l a s s i f i c a t i o n  

C o m p a r i s o n  of  S o r e n s o n ' s  s i m i l a r i t y  i n d i c e s  ( T a b l e  3 ,  A p p e n d i x  8 )  

c a l c u l a t e d  f o r  e a c h  u n i t  a n d  s e a s o n ,  w h e r e  a p p l i c a b l e ,  i n d i c a t e s  

t h a t ,  i n  g e n e r a l ,  Osage P r a i r i e  u n i t s  w h i c h  r e c e i v e  t h e  same t y p e  

o f  m a n a g e m e n t  t r e a t m e n t s  a r e  most a l i k e .  T h u s ,  w i t h i n  a g i v e n  

s e a s o n ,  t h e  h a y e d  u n i t s  m o s t  c l o s e l y  r e s e m b l e d  e a c h  o t h e r ,  t h e  

g r a z e d  u n i t s  were most s i m i l a r ,  a n d  t h e  h a y / b u r n  u n i t s  h a d  t h e  

g r e a t e s t  r e s e m b l a n c e  t o  e a c h  a t h e r .  T h e  west g r a z e / h a y  u n i t  i n  

s p r i n g  a n d  summer  was m o s t  s i m i l a r  t o  t h e  n o r t h e a s t  h a y / b u r n  u n i t  

i n  t h e  c o r r e s p o n d i n g  s e a s o n .  

T h o  two u n i t s  a t  D i a m o n d  G r o v e  were most s i m i l a r  t o  e a c h  o t h e r  

( s i m i l a r i t y  i n d e x  = 781 ,  a s  were t h e  t w o  u n i t s  a t  P a i n t  B r u s h  

P r a i r i e  ( s i m i l a r i t y  i n d e x  = 6 9 ) .  T h i s  i s  n o t  s u r p r i s i n g  s i n c e  

t h e  g e o l o g y ,  s o i l s ,  a n d  t o p o g r a p h y  o f  D iamond  G r o v e ,  P a i n t  B r u s h ,  

a n d  Osage P r a i r i e  a l l  d i f f e r ,  a n d  o n e  w o u l d  e x p e c t  two p a r t s  o f  a 

g i v e n  p r a i r i e  t o  b e  more s i m i l a r  t h a n  two a r e a s  a t  g e o g r a p h i c a l l y  

i s o l a t e d  p r a i r i e s  w i t h  d i f f e r e n t  p h y s i c a l  c h a r a c t e r i s t i c s .  T h e  

D i a m o n d  G r o v e - e a s t ,  D iamond  Grove-wes t ,  a n d  P a i n t  B r u s h - s o u t h  
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OSASE - SPRIliG 
SI.1 Hay 
SC Hay 
S E  Hay 
C Graze 
E Graze 
i.lbl HaylBurn 
FIE HaylBurn 
W GrazelHay 

OSAGE - SUMHER 
S J  Hay 

W SC Hay 
SE Hay 

h, 

C Sraze 
E Graze 
l l l J  HaylBurn 
l iE tlay/Burn 
:; GrazelHay 

OSAGE - FALL 
SLl Hay 
SC !lay 
SE Hay 
C Graze 
E Graze 
r!'! HaylBurn 
::E HaylBurn 
!*! GrazelHay 

D i  anond Grove-E 
C i  amond Grove-!d 
Pa i ntbi-ush-N 
Paintbrush-S 

14 
'2  77 
i0 60 

75 
i 4  6 5  66 

77 
56 67 70 

55 

66 
56 

I 

33 
79 75 

73 
74 71 7 3  
70 81 

58 62 72  69 

56 6 1  

7 1  
7 1  

59 63 
5 1  62 

48 
54 5 2  

63 
71 81 
62 

78 
69 55 

?a 
66 67 69 7'1 

78 
5 1  

eo 

Table 3. Scr?-s:r s i n i l a r i t g  index 
va1:i.s f s r  8 r a n a g e r e n t  
uni:s e t  Clsage P r a i r i e  
s a c s l i d  i n  s p r i n g ,  summer, 
and f e l l ,  and f o r  2 ur,i ts 
a t  e e c i  2iamond Srove and 
Pa i r8 t5rush  P r a i r i e s  sanpled 
o n l y  ' n  s u n e r .  Cnly the 
t h r e e  I i z b e s t  index va lues  
a r e  q i v e n  f o r  each u n i t .  
All i s l e x  values  a r e  shown 
i n F.32endi x 2.  lianagement 
u n i t  a b b r e v i a t i o n s  a r e  a s  
follci.!s: SIJ=southwest, 
SC=scuth c e n t r a l ,  SE=south- 
e a s t ,  C = c e n t r a l ,  E = e a s t ,  
Ni.1 = r.0 r thi,ie s t , I.! E = no r the  a s  t , 
!.]=:.rest, : I=north,  and S = s o u t h .  
In t h e  future, each unit 
will receive different 
manacement and will be 
named as outlined in 
Table 1. 



a r e a s ,  w h i c h  u s u a l l y  h a v e  b e e n  mowed a n n u a l l y  a n d  were s a m p l e d  
o n l y  i n  summer ,  were s e c o n d  a n d / o r  t h i r d  m o s t  s i m i l a r  t o  t h e  h a y  
u n i t s  a t  Osage P r a i r i e  s a m p l e d  i n  summer .  T h u s ,  u n j t s  w h i c h  
r e c e i v e d  a g i v e n  m a n a g e m e n t  ( e . g . ,  a n n u a l  h a y i n g )  g e n e r a l l y  b o r e  
more r e s e m b l a n c e  t o  u n i t s  r e c e i v i n g  t h e  same m a n a g e m e n t  t r e a t n e n t  
t h a n  t o  u n i t s  r e c e i v i n g  a d i f f e r e n t  t y p e  o f  m a n a g e m e n t ,  e v e n  
t h o u g h  t h e  u n i t s  may o c c u r  a t  d i s j u n c t  p r a i r i e s  w i t h  m a r k e d  
d i f f e r e n c e s  i n  s o i l s  a n d  s u b s t r a t e s .  An e x c e p t i o n  was t h e  P a i n t  
B r u s h  P r a i r i e - n o r t h  a r e a  w h i c h  h a d  a s i m i l a r i t y  i n d e x  a b o v e  50  

w i t h  o n l y  o n e  o t h e r  a r e a ,  P a i n t  B r u s h  P r a i r i e - s o u t h .  T h e  n o r t h  

a n d  s o u t h  u n i t s  a t  P a i n t  B r u s h  o c c u r  o n  s i m i l a r  s o i l s  w i t h  s i m i -  

l a r  t o p o g r a p h y  a n d  g e o l o g y .  However ,  t h e  n o r t h  u n i t  h a s  b e e n  
h a y e d  o r  b u r n e d  e v e r y  2 t o  3 y e a r s  w h i l e  t h e  s o u t h  u n i t  h a s  b e e n  
a n n u a l l y  h a y e d .  T h e  n o r t h  u n i t  i s  t h e  o n l y  a r e a  t h a t  d i d  n o t  
h a v e  a s i m i l a r i t y  v a l u e  a b o v e  50  w i t h  a t  l e a s t  t w o  o t h e r  u n i t s .  

C o m p a r i s o n  of summer s i m i l a r i t y  i n d i c e s  f o r  a l l  t h r e e  p r a i r i e s  
( A p p e n d i x  8) i n d i c a t e s  t h a t  t h e  e i g h t  m a n a g e m e n t  u n i t s  a t  Osage 

P r a i r i e  were l e a s t  s i m i l a r  w i t h  o n e  o r  b o t h  o f  t h e  P a i n t  B r u s h  
P r a i r i e  managemen t  u n i t s .  

T o  d e t e r m i n e  i f  v e g e t a t i o n a l  c o m p o s i t i o n  v a r i e d  s i g n i f i c a n t l y  
w i t h  p a s t  m a n a g e m e n t  a t  Osage P r a i r i e ,  a n  a n a l y s i s  o f  v a r i a n c e  
was u s e d  t o  c o m p a r e  t h e  mean f r e q u e n c y  o f  a l l  s p e c i e s  s a m p l e d  a t  

t h e  e i g h t  managemen t  u n i t s .  The  mean f r e q u e n c y  o f  a l l  s p e c i e s  
s a m p l e d  w i t h i n  a s e a s o n  d i d  n o t  d i f f e r  s i g n i f i c a n t l y  (p=O.O5)  
b e t w e e n  t h e  e i g h t  Osage P r a i r i e  managemen t  u n i t s .  H o w e v e r ,  w h e n  

mean c a n o p y  c o v e r  w-a-s c o m p a r e d ,  s i g n i f i c a n t  d i f f e r e n c e s  d i d  
o c c u r .  U s i n g  D u n c a n ' s  m u l t i p l e  r a n g e  t e s t ,  s i g n i f i c a n t  
d i f f e r e n c e s  were i n d i c a t e d  b e t w e e n  u n i t s  i n  s p r i n g  a n d  a u t u m n ,  
b u t  n o t  i n  summer ( T a b l e  4). The  mean c o v e r  d i f f e r e n c e s  b e t w e e n  
u n i t s  i n  s p r i n g  a n d  f a l l  a r e  n o t  c l e a r l y  r e l a t e d  t o  p a s t  
m a n a g e m e n t .  

F u r t h e r  d e t e r m i n a t i o n  o f  d i f f e r e n c e s  i n  v e g e t a t i o n a l  c o m p o s i t i o n  
a s s o c i a t e d  w i t h  p a s t  m a n a g e m e n t  u n i t s  a t  Osage P r a i r i e  was m a d e  

b y  c o m p a r i n g  t h e  mean f r e q u e n c y  o f  1 9  common s p e c i e s  u s i n g  
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a n a l y s i s  o f  v a r i a n c e ,  a n d  w h e r e  s i g n i f i c a n t  d i f f e r e n c e s  were 

i n d i c a t e d  a f u r t h e r  b r e a k  down u s i n g  D u n c a n ' s  m u l t i p l e  r a n g e  t e s t  

was a p p l i e d  ( T a b l e  5 ) .  E a c h  o f  t h e  1 9  s p e c i e s  s h o w e d  s i g n i f i c a n t  

d i f f e r e n c e s  i n  mean f r e q u e n c y  b e t w e e n  a t  l e a s t  t h r e e  o f  t h e  

m a n a g e m e n t  u n i t s .  T h e  f r e q u e n c y  of  A n d r o p o g o n  s c o p a . r i u s  a t  t h e  

c e n t r a l  a n d  e a s t  g r a z e  u n i t s  was s i g n i f i c a n t l y  lower  t h a n  a t  a l l  

o t h e r  u n i t s .  T h i s  i s  t h e  o n l y  c l e a r  i n s t a n c e  w h e r e  t h e  a b u n d a n c e  

o f  a s p e c i e s  was r e l a t e d  t o  a s p e c i f i c  m a n a g e m e n t  p r a c t i c e .  

T h e  two u n i t s  a t  D i a m o n d  G r o v e  P r a i r i e  d i d  n o t  h a v e  s i g n i f i c a n t l y  

d i f f e r e n t  mean  f r e q u e n c i e s  or mean c a n o p y  c o v e r s .  T h i s  was 

e x p e c t e d  s i n c e  b o t h  a r e a s  were a n n u a l l y  h a y e d  f o r  many y e a r s  

p r i o r  t o  t h i s  s t u d y .  T h e  same 1 9  s p e c i e s  t e s t e d  f o r  f r e q u e n c y  

d i f f e r e n c e s  a t  Osage P r a i r i e  were a l s o  t e s t e d  f o r  d i f f e r e n c e s  i n  

mean f r e q u e n c y  a t  Diamond  G r o v e  P r a i r i e .  Most of  t h e  s p e c i e s  

( 1 1 )  s h o w e d  n o  s i g n i f i c a n t  d i f f e r e n c e s  i n  mean  f r e q u e n c y  b e t w e e n  

t h e  two u n i t s  ( T a b l e  6 ) .  Two of  t h e  f i v e  g r a s s e s  t e s t e d  were 

s i g n i f i c a n t l y  l e s s  f r e q u e n t  i n  t h e  e a s t  u n i t  ( A n d r o p o g o n  
g e r a r d i i ,  A n d r o p o g o n  v i r g i n i c u s ) ,  w h i l e  one  g r a s s  ( P a n i c u m  
l a n u g i n o s u m )  was s i g n i f i c a n t l y  more f r e q u e n t  i n  t h e  west u n i t .  

O n l y  t h r e e  of  t h e  1 1  f o r b s  t e s t e d  s h o w e d  s i g n i f i c a n t  d i f f e r e n c e s .  

E r i g e r o n  s t r i g o s u s ,  P o t e n t i l l a  s i m p l e x ,  a n d  R u d b e c k i a  h i r t a  were 

s i g n i f i c a n t l y  more f r e q u e n t  i n  t h e  e a s t  t h a n  t h e  west u n i t .  

A t  P a i n t  B r u s h  P r a i r i e ,  t h e  o v e r a l l  c o m p o s i t i o n  o f  t h e  two 
m a n a g e m e n t  u n i t s ,  a s  m e a s u r e d  b y  mean f r e q u e n c y  a n d  mean c a n o p y  

c o v e r ,  d i d  n o t  d i f f e r  s i g n i f i c a n t l y .  However ,  1 6  o f  t h e  1 9  

s p e c i e s  t e s t e d  s h o w e d  s i g n i f i c a n t  d i f f e r e n c e s  i n  mean f r e q u e n c y  

b e t w e e n  t h e  two  u n i t s .  O f  t h e s e  1 6  s p e c i e s ,  1 1  were s i g n i f i -  

c a n t l y  more f r e q u e n t  i n  t h e  s o u t h  u n i t  t h a n  i n  t h e  n o r t h  u n i t .  

D i f f e r e n c e s  i n  p a s t  m a n a g e m e n t  a t  t h e  two u n i t s  p r o b a b l y  a f f e c t e d  

t h e  f r e q u e n c y  o f  c e r t a i n  s p e c i e s .  On v i s u a l  i n s p e c t i o n ,  t h e  

s o u t h  u n i t  a p p e a r s  l ess  p r o d u c t i v e  w i t h  a g r e a t e r  a b u n d a n c e  o f  

d i s t u r b a n c e  a d a p t e d  s p e c i e s ,  g i v i n g  t h e  i m p r e s s i o n  t h a t  t h e  south 

u n i t  h a s  b e e n  h a y e d  t o o  f r e q u e n t l y  o r  t o o  l a t e  i n  t h e  y e a r .  

H a y i n g  d a t e  h a s  b e e n  s h o w n  t o  a f f e c t  s p e c i e s  c o m p o s i t i o n  a n d  
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Table 5 .  Comparison r,f seasons and units for 19 common species at Osage Prairie based on 
frequency. 3uncan's multiple range test (SAS Institute Inc. 1982) was used for 
comparisons. Seasons or management units with the same letter or number are not 
significantly different (alpha=0.05). Comparisons are only valid between seasons 
and units f c r  a given species. Comparisons between species are not valid. For 
example the frequency of Rudbeckia hirta was significantly different in each season 
(indicated by  a different number in spring, summer and fall). The frequency of 
Rudbeckia hirta differed significantly between the SE hay, NE hay/burn, C graze, and 
E graze units (indicated by A,B,D, and E), but did not differ significantly between 
the SW hay, SC hay, W graze/hay, and NW hay/burn units (indicated by C ) .  Seasons 
are abbreviated as follows: SP=spring, SU=summer, FA=fall. The future manage- 
ment and name of each unit are given in Table 1. 

OSAGE PRAI R I E  MANAGEMENT U N I T  

Speci es 
S E AS OM NE Hay/ W Graze/ NW Hay/ 

SW Hay S C  Hay SE Hay C Graze E Graze Burn  Hay Burn  SP S U  FA 

Amorpha canescens 1 2 3  B Y C  C,D,E A DYE F C Y D  E ,F B 

Andropogon gerardi  i 1 2 3  D C ,D D C B A B C 

," Andropogon s copa ri us 2 1 1  B B B C C A A A 
Andropogon v i  rgi  n i  cus 1 1 1  A A B C D C C C 

Antennaria neglec ta  1 2 1  A y B  A C ,D C , D  D A B,C A,B 

Carex meadii 1 2 3  C F E , F  B A B D Y E  D 

Coreopsis grandi f lora  1 2 3  B ,C C A B D B D D 

Erigeron s t r i g o s u s  1 1 2  C B A E F E D E 

Heleni um flexuosum 2 1 2  B B Y C  A C D D D D 
Helianthus r o l l i s  1 1 1  B,C C , D  D Y E  C , D , E  A E C ,D AYB 

Panicum lanuginosum 1 2 3  C B C C C A A A 

P o t e n t i l l a  simplex 1 1 1  D B Y C  D A,B C E A E 

Pycnanthemum tenuifol ium 1 1 1 C C C C B C A C 

Rosa carol i na 1 1 1  D E B D E C , D  A B ,C 

Rudbeckia hi r t a  1 2 3  C C A D E B C C 

Rue1 1 i a humi  1 i s 1 2 3  C B C D B ,C B , C  A B 

S c l e r i a  t r ig lomera ta  1 2 1  CYD A B D D BYC A B YC 

So rg has t rum n u t  an s 1 2 2  B AYB B y C  E D A C B 

Viola s a g i t t a t a  1 1 1  A B D D D B ,C C , D  B,C,D 



Table 6. Comparison of management units a t  Diamond Grove a n d  Paint Brush Prair ie  
for 19 common species, based on frequency. 
( S A S  Inst i tute  Inc. 1982) was used for comparisons. 
number (1  o r  2 )  or l e t t e r  ( A  o r  B )  are n o t  significantly different ( a l p h a =  
0.05) .  

Duncan's multiple range t e s t  
Units with the same 

Relative frequency values for each species are given in parentheses. 

S p e c i e s  

Amorpha canescens  

Andropogon g e r a r d i i  

Andropogon s c o p a r i u s  
Andropogon v i r g i n i c u s  

Antennar ia  n e g l e c t a  

Carex meadi i  

Coreops i s  g r a n d i f l o r a  
Er ige ron  s t r i g o s u s  

H e l e n i u m  flexuosum 
H e l i a n t h u s  m o l l i s  

Panicum lanuginosum 

P o t e n t i l l a  simplex 

Pycnanthemum t e n u i f o l i u m  
Rosa C a r o l i n a  

Rudbeckia h i r t a  

R u e l l i a  h u m i l i s  

S c l e r i a  t r i g l o m e r a t a  
Sorghastrum n u t a n s  

Vio la  s a g i t t a t a  

Diamond Grove 
P r a i r i e  

West Eas t  
U n i t  U n i t  

P a i n t  B r u s h  
P r a i r i e  

Nor th  S o u t h  
Unit U n i t  

A (10) B (1) 

A ( 3 2 )  A (27)  
A (58)  B (76)  
A (24)  B (77)  
A ( 9 )  B (23) 

A ( 5 0 )  B (98)  
A ( 1 4 )  B (47)  
A ( 1 0 )  B ( 3 7 )  
A (0) B ( 4 )  
A (46)  B (0) 
A ( 6 7 )  B ( 5 0 )  
A ( 3 4 )  B (50)  
A ( 5 1 )  B ( 3 3 )  
A ( 8 4 )  A ( 8 3 )  
A ( 3 )  A ( 3 )  
A (62)  B (80)  
A (22)  B (10) 
A (8)  B (24)  
A ( 5 8 )  B (81) 



p r o d u c t i v i t y  ( H a z e l 1  1 9 6 5 ,  L a u n c h b a u g h  a n d  Owensby 1 9 7 8 ,  H o v e r  

a n d  Rragg 1 9 8 1 ) .  

F u r t h e r  c o m p a r i s o n  b e t w e e n  p r a i r i e  u n i t s  made w i t h  c l u s t e r  

a n a l y s i s  i n d i c a t e s  t h e  i m p o r t a n c e  o f  m a n a g e m e n t  t r e a t m e n t  a n d  

s e a s o n .  C l u s t e r  a n a l y s i s  u s i n g  S o r e n s o n ' s  s i m i l a r i t y  i n d i c e s  

d e r i v e d  from f r e q u e n c y  d a t a  i n i t i a l l y  c l u s t e r e d  t h e  t w o  P a i n t  

B r u s h  P r a i r i e  u n i t s  a s  a g r o u p  d i s s i m i l a r  from t h e  u n i t s  a t  Osage 

a n d  Diamond  G r o v e  P r a i r i e  ( F i g u r e  5 ) .  T h i s  d i r e c t l y  r e s u l t e d  

from t h e  low s i m i l a r i t y  v a l u e s  b e t w e e n  t h e  P a i n t  B r u s h  P r a i r i e  

u n i t s  a n d  a l l  o t h e r  u n i t s .  S u b s e q u e n t  d i v i s i o n s  i n d i c a t e d  t h a t  

t h e  e a s t  a n d  c e n t r a l  g r a z e  u n i t s  were s i m i l a r  t o  each  o t h e r  

a c r o s s  a l l  s e a s o n s  a n d  l a t e r  g r o u p e d  t h e  two u n i t s  b y  s e a s o n  

( i . e . ,  e a s t  a n d  c e n t r a l  g r a z e  u n i t s  i n  s p r i n g  d i s t i n c t  f rom e a s t  

a n d  c e n t r a l  g r a z e  u n i t s  i n  summer  or f a l l ) .  T h e  r e m a i n i n g  six 

u n i t s  a t  Osage P r a i r i e  were s i m i l a r  w i t h i n  each  s e a s o n .  T h e s e  

six u n i t s  h a v e  a h i s t o r y  of h a y i n g ,  a l t h o u g h  t w o  u n i t s  h a d  b e e n  

r e c e n t l y  b u r n e d  a n d  a n o t h e r  was i n t e r m i t t e n t l y  g r a z e d .  T h u s ,  

Osage P r a i r i e  u n i t s  w i t h  s imi l a r  ( b u t  n o t  n e c e s s a r i l y  i d e n t i c a l )  

m a n a g e m e n t  were s i m i l a r  w i t h i n  a s e a s o n ,  b u t  l e s s  s i m i l a r  f r o m  

o n e  s e a s o n  t o  a n o t h e r .  

T h e  two Diamond  G r o v e  P r a i r i e  u n i t s  were i n i t i a l l y  g r o u p e d  w i t h  

summer a n d  f a l l  u n i t s  a t  Osage P r a i r i e  i n  w h i c h  h a y i n g  was a 

s i g n i f i c a n t  p a r t  o f  m a n a g e m e n t .  T h e s e  two u n i t s  were l a t e r  

r e c o g n i z e d  a s  a d i s t i n c t  g r o u p .  T h i s  i n d i c a t e s  t h a t  h a y e d  

p r a i r i e s  o r  u n i t s  a t  s e p a r a t e  l o c a t i o n s  may b e  v e g e t a t i o n a l l y  

s i m i l a r ,  b u t  t h a t  o t h e r  e n v i r o n m e n t a l  f a c t o r s  may c a u s e  

v e g e t a t i o n a l  c o m p o s i t i o n  t o  d i f f e r  b e t w e e n  h a y e d  p r a i r i e s  ( e . g .  

h a y e d  Osage u n i t s  a r e  s imi l a r  t o  h a y e d  Diamond  G r o v e  u n i t s ,  bu t .  

n o t  h a y e d  P a i n t  B r u s h  u n i t ) .  

S e a s o n a l  V a r i a t i o n  

C o n s i d e r a b l e  s e a s o n a l  v a r i a t i o n  was a p p a r e n t  a t  Osage P r a i r i e ,  a s  

t h e r e  was r e l a t i v e l y  l i t t l e  s i m i l a r i t y  b e t w e e n  s e a s o n s  a t  a g i v e n  
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Fi-gure 5. Cluster analysis (Ward's method, SAS Institute Inc. 1982) 
of management units at Osage, Diamond Grove, and Paint Brush 
Prairies using Sorenson's similarity indices obtained from 
frequency data. Management units that are most similar are 
grouped together. Shaded areas represent the management 
units designated above the area, and the unshaded, vertical 
bars represent divisions between the groups (e.g. the SW Hay, 
SC Hay and SE Hay un i ts sainp I ctl i n spt- i r ic]  < I  I - ( '  < i  ( 1 i - o t 1 1 )  I -  
similar units distinct from the adjdcent group contcij n i  n c j  Llic 
NW Hay-Burn, NE Hay-Burn, and W Graze-Hay units). Manage- 
ment unit and season abbreviations are as follows: SW= 
southwest, SC=south central, SE=southeast, NW=northwest, 
NE=northeast, W=west, C=central, E=east, N=north, S=south, 
SP=spring, SU=summer, and FA=fall. The future management and 
future name of each unit at Osage Prairie are given in Table 1. 
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u n i t  ( A p p e n d i x  8 ) .  For e x a m p l e ,  t h e  s p r i n g  v e g e t a t i o n  a t  t h e  

v a r i o u s  u n i t s  was u s u a l l y  most s i m i l a r  t o  t h e  s p r i n g  v e g e t a t i o n  

a t  t h e  o t h e r  u n i t s ,  r a t h e r  t h a n  t h e  summer  or f a l l  v e g e t a t i o n  a t  

t h e  g i v e n  u n i t .  When c o n s i d e r i n g  t h e  t h r e e  h i g h e s t  s i m i l a r i t y  

v a l u e s  f o r  each  u n i t  ( T a b l e  3 1 ,  i t  i s  a p p a r e n t  t h a t  r e l a t i v e l y  

h i g h  s i m i l a r i t y  v a l u e s  ( b e t w e e n  55 a n d  7 1 )  o c c u r r e d  b e t w e e n  

a d j a c e n t  s e a s o n s  ( s p r i n g  a n d  s u m m e r ,  or summer  a n d  f a l l ) ,  b u t  n o t  

b e t w e e n  d i s j u n c t  s e a s o n s  ( s p r i n g  a n d  a u t u m n ) .  T h e  r e s u l t s  o f  

c l u s t e r  a n a l y s i s ,  d i s c u s s e d  e a r l i e r ,  f u r t h e r  s u b s t a n t i a t e s  t h i s  

o b s e r v a t i o n .  

S i n c e  s e a s o n a l  v a r i a t i o n  a t  Osage P r a i r i e  was a p p a r e n t  from 

c o m p a r i n g  s i m i l a r i t y  i n d i c e s ,  t h e  n e x t  q u e s t i o n  i s  w h e t h e r  t h e  

d i f f e r e n c e s  i n  v e g e t a t i o n a l  c o m p o s i t i o n  b e t w e e n  t h e  t h r e e  s e a s o n s  

a r e  s i g n i f i c a n t .  To a n s w e r  t h i s ,  t h e  mean  f r e q u e n c i e s  o f  a l l  

s p e c i e s  s a m p l e d  i n  each s e a s o n  were t e s t e d  u s i n g  a n a l y s i s  o f  

v a r i a n c e  a n d  no  s i g n i f i c a n t  d i f f e r e n c e s  b e t w e e n  s e a s o n s  were 

f o u n d  ( ~ ~ 0 . 0 5 )  for a n y  u n i t s  e x c e p t  t h e  n o r t h e a s t  h a y - b u r n  u n i t .  

A t  t h i s  u n i t ,  t h e  mean  f r e q u e n c i e s  o f  a l l  s p e c i e s  s a m p l e d  i n  

s p r i n g  a n d  f a l l  a r e  s i g n i f i c a n t l y  d i f f e r e n t  b a s e d  o n  D u n c a n ' s  

m u l t i p l e  r a n g e  t e s t ,  w h i l e  t h o s e  i n  s p r i n g  a n d  summer  or summer  

a n d  f a l l  a r e  n o t  d i f f e r e n t .  H o w e v e r ,  s e a s o n a l  d i f f e r e n c e s  i n  

mean c a n o p y  c o v e r  f o r  a l l  s p e c i e s  a t  a g i v e n  u n i t  were u s u a l l y  

s i g n i f i c a n t .  O n l y  t h e  n o r t h e a s t  h a y / b u r n  u n i t  showed n o  s i g n i f i -  

c a n t  d i f f e r e n c e  i n  mean c a n o p y  c o v e r  b e t w e e n  t h e  t h r e e  s e a s o n s .  

S e a s o n a l  d i f f e r e n c e s  i n  c a n o p y  c o v e r  were n o t  s u r p r i s i n g  s i n c e  

t h e  c a n o p y  o f  m o s t  g r a s s e s ,  s edges  a n d  f o r b s  v a r i e s  w i t h  g r o w t h  

s t a g e  w i t h i n  a y e a r .  L i k e w i s e ,  t h e  s i m i l a r i t y  i n  f r e q u e n c y  

b e t w e e n  s e a s o n s  is  n o t  s u r p r i s i n g  s i n c e  many s p e c i e s  were p r e s e n t  

v e g e t a t i v e l y  ( b a s a l  l e a v e s  or r o s e t t e s )  f r o m  May t h r o u g h  O c t o b e r ,  

e v e n  t h o u g h  t h e y  were n o t  f l o w e r i n g  or f r u i t i n g .  

B e c a u s e  l i t t l e  d i f f e r e n c e  o c c u r r e d  i n  o v e r a l l  mean  f r e q u e n c y  f r o m  

o n e  s e a s o n  t o  t h e  n e x t ,  t h e  f r e q u e n c y  of  1 9  common s p e c i e s  was 
compared b e t w e e n  s e a s o n s  a t  Osage P r a i r i e  t o  d e t e r m i n e  if t h e  

f r e q u e n c y  of  i n d i v i d u a l  s p e c i e s  d i f f e r e d  w i t h  s e a s o n .  F o u r t e e n  
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o f  t h e  1 9  s p e c i e s  (73%) had s i g n i f i c a n t  d i f f e r e n c e s  b e t w e e n  a t  

l e a s t  t w o  s e a s o n s  ( T a b l e  5 ) .  S e v e n  s p e c i e s  s h o w e d  s i g n i f i c a n t  

d i f f e r e n c e s  f o r  a l l  t h r e e  s e a s o n s ,  w h i l e  s e v e n  o t h e r s  d i f f e r e d  

f o r  o n l y  t w o  s e a s o n s .  

D i v e r s i t y  

S p e c i e s  r i c h n e s s  d i f f e r e d  b e t w e e n  p r a i r i e  u n i t s  a n d  s e a s o n s .  A t  

Osage P r a i r i e ,  g razed  a r e a s  s a m p l e d  i n  s p r i n g  a n d  summer  t e n d e d  

t o  h a v e  t h e  h i g h e s t  s p e c i e s  r i c h n e s s  ( F i g u r e  6 ,  A p p e n d i x  9 ) .  

T h i s  may b e  d u e  p a r t i a l l y  t o  t h e  r e l a t i v e l y  h i g h  n u m b e r  o f  i n t r o -  

d u c e d  s p e c i e s  p r e s e n t  a t  t h e  g razed  a r e a s  a s  o p p o s e d  t o  t h e  h a y e d  

o r  b u r n e d  a reas .  A t  each p r e v i o u s l y  g r a z e d  u n i t  4 .3  t o  8.6% of  

t o t a l  s p e c i e s  s a m p l e d  were i n t r o d u c e d ,  w h i l e  0 . 8 %  t o  2 . 7 %  o f  

t o t a l  s p e c i e s  s a m p l e d  a t  n o n - g r a z e d  u n i t s  were i n t r o d u c e d .  T h e  

h i g h  s p e c i e s  r i c h n e s s  o f  g r a z e d  a r eas  i n  t h i s  s t u d y  c o n t r a d i c t s  

E y s t e r - S m i t h ' s  ( 1 9 8 4 )  f i n d i n g  t h a t  g r a z i n g  r e d u c e d  s p e c i e s  

r i c h n e s s  i n  a s t u d y  o f  77  t a l l g r a s s  p r a i r i e  r e m n a n t s ,  b u t  s u b -  

s t a n t i a t e s  K e l t i n g ' s  ( 1 9 5 4 )  f i n d i n g  t h a t  s p e c i e s  r i c h n e s s  was 
h i g h e r  i n  a g razed  O k l a h o m a  p r a i r i e  ( 6 4  s p e c i e s  s a m p l e d )  t h a n  o n  

a n e a r b y  u n g r a z e d  p r a i r i e  (36  s p e c i e s  s a m p l e d ) .  K e l t i n g  a t t r i b -  

u t e d  t h e  i n c r e a s e d  s p e c i e s  r i c h n e s s  t o  a n  i n c r e a s e  i n  h a b i t a t  

t y p e s  c a u s e d  b y  g r a z i n g .  G r a z i n g  a t  t h e  Osage P r a i r i e  u n i t s ,  

w h i c h  was r e l a t i v e l y  l i g h t  a n d  o n l y  o c c u r r e d  i n t e r m i t t e n t l y ,  

p r o b a b l y  o p e n e d  t h e  g r o u n d  f o r  i n v a s i o n  b y  some  E u r a s i a n  p l a n t s  

b u t  may n o t  h a v e  b e e n  s e v e r e  e n o u g h  t o  e l i m i n a t e  a n o t i c e a b l e  

n u m b e r  o f  n a t i v e  p r a i r i e  s p e c i e s .  T h i s  may h a v e  r e s u l t e d  i n  a 

r e l a t i v e l y  h i g h  s p e c i e s  r i c h n e s s ,  i n c l u d i n g  n a t i v e  a n d  n o n - n a t i v e  

c o m p o n e n t s .  I n c r e a s e d  s p e c i e s  r i c h n e s s  b r o u g h t  a b o u t  b y  a n  

i n c r e a s e  i n  i n t r o d u c e d  p l a n t  s p e c i e s  is n o t  p a r t i c u l a r l y  d e s i r a -  

b l e  when t r y i n g  t o  m a i n t a i n  a h i g h  q u a l i t y  p r a i r i e .  R e l a t i v e l y  

low s p e c i e s  r i c h n e s s  o c c u r r e d  i n  a u t u m n  a t  t h e  t h r e e  u n i t s  t h a t  

were h a y e d  i n  J u l y ,  o n e  a n d  a h a l f  t o  t w o  m o n t h s  p r i o r  t o  f a l l  

s a m p l i n g .  T h i s  i n c l u d e d  t w o  g r a z e d  u n i t s .  I n  s p r i n g ,  t h e  t h r e e  

h a y e d  u n i t s  h a d  l o w e r  r i c h n e s s  t h a n  t h e  h a y e d / b u r n e d  o r  g r a z e d  

a r e a s  ( F i g u r e  6 ) .  
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Figure 6 .  Species richness of eight management units at Osagc l’rdirie 
f o r  each season. Abbreviations are as follows: SE=south- 
east hay unit, SC=south central hay unit, SW=southwest hay 
unit, C=central graze unit, E=east graze unit, W=west graze/ 
hay unit, NE=northeast hay/burn unit, NW=northwest hay/burn 
unit, SP=spring, SU=summer, and FA=fall. The future manage- 
ment and future name of each unit are given in Table 1. 
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A l t h o u g h  t h e  t o t a l  n u m b e r  of  s p e c i e s  e n c o u n t e r e d  d u r i n g  a s e a s o n  

was h i g h e s t  a t  two g r a z e d  u n i t s ,  t h i s  s a y s  n o t h i n g  a b o u t  t h e  

f r e q u e n c y  or e v e n n e s s  of  d i s t r i b u t i o n  of  s p e c i e s  a t  g r a z e d  v e r s u s  

n o n g r a z e d  u n i t s .  T h e  S h a n n o n - W e i n e r  i n d e x  t a k e s  t h e  f r e q u e n c y  o f  

e a c h  s p e c i e s  a t  a u n i t  i n t o  a c c o u n t  a n d  m e a s u r e s  b o t h  t h e  

e v e n n e s s ,  o r  e q u i t a b i l i t y ,  of  s p e c i e s  d i s t r i b u t i o n s  a n d  t h e  

s p e c i e s  r i c h n e s s  a t  a u n i t .  S h a n n o n - W e i n e r  i n d e x  v a l u e s  

( A p p e n d i x  9 )  were h i g h e s t  a t  t h e  c e n t r a l  ( 4 . 0 8  i n  s u m m e r )  a n d  

e a s t  ( 3 . 9 8  i n  s u m m e r )  g r a z e  u n i t s ,  i n d i c a t i n g  t h a t  t h e s e  u n i t s  

h a d  t h e  g r e a t e s t  e q u i t a b i l i t y  o f  s p e c i e s  d i s t r i b u t i o n .  T h e  

s o u t h e a s t  h a y  u n i t  a l s o  h a d  a h i g h  S h a n n o n  W e i n e r  i n d e x  ( 3 . 9 7  i n  

s u m m e r )  h o w e v e r ,  a n d  i t  was e x t r e m e l y  c l o s e  t o  t h a t  o f  t h e  e a s t  

g r a z e  u n i t .  S i n c e  t h e  e q u i t a b i l i t y  v a l u e s  o f  t h e s e  t h r e e  u n i t s  

were c l o s e ,  t h e  a v e r a g e  n u m b e r  o f  s p e c i e s  p e r  p l o t  was c a l c u l a t e d  

f o r  t h e s e  t h r e e  u n i t s  t o  e s t i m a t e  t h e  e v e n n e s s  of  s p e c i e s  

d i s t r i b u t i o n s .  T h e  a v e r a g e  s p e c i e s  r i c h n e s s  i n  a 0.5m2 p l o t  

s a m p l e d  i n  summer  was v e r y  s i m i l a r  f o r  t h e  t h r e e  u n i t s ,  w i t h  2 1 . 2  

s p e c i e s / p l o t  a t  t h e  e a s t  g r a z e  u n i t ,  2 1 . 1  s p e c i e s / p l o t  a t  t h e  

c e n t r a l  g raze  u n i t ,  a n d  2 1 . 1  s p e c i e s / p l o t  a t  t h e  s o u t h e a s t  h a y  

u n i t .  

Spec ies  r i c h n e s s  s h o w e d  s e a s o n a l  v a r i a t i o n  w i t h i n  a g i v e n  u n i t  a t  

Osage P r a i r i e .  T h e  g r e a t e s t  a v e r a g e  s p e c i e s  r i c h n e s s  a t  Osage 

P r a i r i e  ( 9 7  s p e c i e s / u n i t )  o c c u r r e d  i n  s u m m e r ,  w h i l e  t h e  l owes t  
a v e r a g e  r i c h n e s s  ( 7 4  s p e c i e s / u n i t )  o c c u r r e d  i n  a u t u m n .  C o n t r a r y  

t o  t h e s e  f i n d i n g s ,  a s t u d y  o f  g r a z e d  a n d  u n g r a z e d  O k l a h o m a  

p r a i r i e  ( K e l t i n g  1 9 5 4 )  c o n c l u d e d  t h a t  t h e  g r e a t e s t  n u m b e r  o f  

s p e c i e s  o c c u r r e d  i n  s p r i n g ,  r a t h e r  t h a n  summer  o r  f a l l .  Many o f  

t h e  s p e c i e s  e n c o u n t e r e d  i n  t h a t  s t u d y  were e a r l y  f l o w e r i n g  

a n n u a l s ,  w h i c h  were v e r y  uncommon a t  Osage P r a i r i e .  

T h e  c o n c e n t r a t i o n  of  d o m i n a n c e  ( a s  m e a s u r e d  b y  S i m p s o n ' s  i n d e x )  

r a n g e d  f rom 0 . 2 1  t o  0 . 3 6  a n d  v a r i e d  l i t t l e  b e t w e e n  p r a i r i e  u n i t s ,  

i n d i c a t i n g  t h a t  d o m i n a n c e  was s h a r e d  among  many s p e c i e s  a t  a l l  

a r e a s  s a m p l e d  ( A p p e n d i x  9 ) .  As w i t h  s p e c i e s  r i c h n e s s ,  t h e  v a l u e  
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Figure 7. Dominance concentration, as measured by Simpson's index, of 
eight management units at Osage Prairie for each season. 
Abbreviations are as follows: SE=southeast hay unit, SC= 
south central hay unit, SW=southwest hay unit, C=central graze 
unit, E=east graze unit, W=west graze/hay unit, NE=northeast 
hay/burn unit, NW=northwest hay/burn unit, SP=spring, SU= 
summer, and FA=fall. The future management and future name 
of each management unit are given in Table 1. 
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Figure 8. Equitability, as measured by Shannon-Weiner index, of eight 
management units at Osage Prairie for each season. Abbre- 
viations are as follows: SE=southeast hay unit, SC=south 
central hay unit, SW=southwest hay unit, C=central graze 
unit, E=east graze unit, W=west graze/hay unit, NE=north- 
east hay/burn unit, NW=northwest hay/burn unit, SP=spring, 
SU=summer, and FA=fall. The future management and future 
name of each management unit are given in Table 1. 
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of  S i m p s o n ' s  i n d e x  v a r i e d  w i t h  s e a s o n .  T h e  l o w e s t  c o n c e n t r a t i o n  

of  d o m i n a n c e  o c c u r r e d  i n  summer  a t  m o s t  u n i t s  s a m p l e d  a t  Osage 

P r a i r i e ,  w i t h  g r e a t e r  d o m i n a n c e  c o n c e n t r a t i o n  i n  s p r i n g  a n d  

a u t u m n  ( F i g u r e  7 ) .  E x c e p t i o n s  t o  t h i s  o c c u r r e d  a t  t h e  NE b u r n  

u n i t  a n d  W g r a z e / h a y  u n i t ,  where d o m i n a n c e  c o n c e n t r a t i o n  was 
l o w e s t  i n  s p r i n g ,  i n c r e a s e d  i n  s u m m e r ,  a n d  t h e n  a g a i n  i n  f a l l .  

T h e  h i g h e s t  v a l u e  of  S i m p s o n ' s  i n d e x  o c c u r r e d  a t  t h e  SW h a y  u n i t  
i n  s p r i n g ,  w h i l e  t h e  l o w e s t  v a l u e  o c c u r r e d  a t  t h e  C g r a z e  u n i t  i n  

s u m m e r .  C o n c e n t r a t i o n  of  d o m i n a n c e  a t  t h e  e i g h t  Osage P r a i r i e  

u n i t s  v a r i e d  t h e  g r e a t e s t  i n  f a l l .  I n  s p r i n g ,  h a y e d  a n d  

h a y e d / b u r n e d  a r e a s  h a d  h i g h e r  d o m i n a n c e  c o n c e n t r a t i o n  t h a n  g r a z e d  

a r e a s .  H o w e v e r ,  i n  summer  a n d  f a l l  t h e  v a l u e  o f  S i m p s o n ' s  i n d e x  

was s i m i l a r  among  u n i t s  w i t h  d i f f e r i n g  m a n a g e m e n t  reg imes .  

C o n c e n t r a t i o n  of  d o m i n a n c e  was lower a t  t h e s e  p r a i r i e s  t h a n  a t  7 7  

t a l l g r a s s  p r a i r i e  r e m n a n t s  s t u d i e d  i n  A r k a n s a s ,  K a n s a s ,  M i s s o u r i ,  

a n d  Oklahoma ( E y s t e r - S m i t h  1 9 8 4 ) .  E y s t e r - S m i t h  o b t a i n e d  

S i m p s o n ' s  i n d e x  v a l u e s  r a n g i n g  f r o m  .086 t o  .392 ( a f t e r  n e c e s s a r y  

mathematical  t r a n s f o r m a t i o n s )  f o r  7 7  p r a i r i e  r e m n a n t s ,  i n c l u d i n g  

v a l u e s  o f  .132  a t  Diamond  G r o v e  P r a i r i e  a n d  . 0 9 3  a t  P a i n t  B r u s h  

P r a i r i e .  T h e  l ower  c o n c e n t r a t i o n  of  d o m i n a n c e  f o u n d  i n  t h i s  

s t u d y  may b e  d u e  t o  t h e  much l a r g e r  s a m p l e  s i z e  w h i c h  i n c l u d e d  

a p p r o x i m a t e l y  50 t o  80 more t a x a  t h a n  E y s t e r - S m i t h ' s  s t u d y .  

I n  t h i s  s t u d y ,  d o m i n a n c e  c o n c e n t r a t i o n  i s  i n v e r s e l y  r e l a t e d  t o  

s p e c i e s  r i c h n e s s .  T h i s  a g r e e s  w i t h  M c N a u g h t o n ' s  ( 1 9 6 8 )  c o n c l u -  

s i o n  t h a t  d o m i n a n c e  a n d  d i v e r s i t y  ( s p e c i e s  r i c h n e s s )  were i n -  

v e r s e l y  c o r r e l a t e d  i n  C a l i f o r n i a  g r a s s l a n d s .  H o w e v e r ,  W h i t t a k e r  

( 1 9 6 5 )  r e p o r t e d  t h e  i n v e r s e  c o r r e l a t i o n  b e t w e e n  d o m i n a n c e  a n d  

d i v e r s i t y  was a weak o n e .  

E q u i t a b i l i t y ,  a s  m e a s u r e d  w i t h  t h e  S h a n n o n - W e i n e r  i n d e x ,  was 

g e n e r a l l y  h i g h e s t  d u r i n g  t h e  summer  a t  a g i v e n  u n i t  ( F i g u r e  8 ) .  

A c o m p a r i s o n  o f  s e a s o n a l  v a r i a t i o n  w i t h i n  each  u n i t  s h o w s  t h a t  

e q u i t a b i l i t y  a n d  d o m i n a n c e  c o n c e n t r a t i o n  v a r i e d  i n v e r s e l y  ( F i g -  

u r e s  7 ,  8 1 ,  a s  s h o u l d  b e  e x p e c t e d  ( P e e t  1 9 7 4 ) .  T h e  g r e a t e s t  
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e q u i t a b i l i t y  o c c u r r e d  a t  D i a m o n d  G r o v e  P r a i r i e ' s  wes t  u n i t  a n d  

t h e  c e n t r a l  g r a z e  u n i t  of  Osage P r a i r i e  i n  summer  ( A p p e n d i x  9 ) .  

T h e s e  two a r e a s  a l s o  h a d  t h e  g r e a t e s t  s p e c i e s  r i c h n e s s  o f  t h o s e  

s t u d i e d .  I n  c o n t r a s t ,  t h e  l o w e s t  e q u i t a b i l i t y  o c c u r r e d  a t  t h e  

s o u t h w e s t  a n d  s o u t h  c e n t r a l  h a y  u n i t s  of  Osage P r a i r i e ,  s a m p l e d  
i n  s p r i n g  a n d  s u m m e r .  

SUMMARY 

1 .  

2 .  

3 .  

B a s e l i n e  d a t a  o n  v e g e t a t i o n a l  c o m p o s i t i o n  ( r e l a t i v e  

f r e q u e n c y ,  a v e r a g e  c a n o p y  c o v e r ,  a n d  i m p o r t a n c e  v a l u e )  a r e  

g i v e n  f o r  each  s p e c i e s  s a m p l e d  a t  1 2  m a n a g e m e n t  u n i t s  i n  

t h r e e  d i f f e r e n t  p r a i r i e s .  C o m p o s i t i o n a l  d a t a  a r e  g i v e n  o n  a 

s e a s o n a l  b a s i s  ( s p r i n g ,  s u m m e r ,  a n d  f a l l )  f o r  t h e  e i g h t  

m a n a g e m e n t  u n i t s  s t u d i e d  a t  Osage P r a i r i e .  T h e s e  d a t a  a r e  

g i v e n  f o r  s u m m e r  o n l y  a t  two m a n a g e m e n t  u n i t s  o f  D i a m o n d  

G r o v e  a n d  P a i n t  B r u s h  P r a i r i e s .  

A n d r o p o g o n  g e r a r d i i  a n d  A n d r o p o g o n  s c o p a r i u s  were d o m i n a n t  

g r a s s e s  a t  e v e r y  u n i t  of  Osage P r a i r i e ,  w h i l e  S o r g h a s t r u m  

n u t a n s  was d o m i n a n t  a t  s e v e n  of  t h e  e i g h t  Osage P r a i r i e  

m a n a g e m e n t  u n i t s .  V i o l a  s a g i t t a t a  was a d o m i n a n t  f o r b  a t  

most  u n i t s  o f  Osage P r a i r i e  d u r i n g  a t  l e a s t  o n e  s e a s o n .  

D i a m o n d  G r o v e  a n d  P a i n t  B r u s h  P r a i r i e s  d i f f e r e d  f r o m  Osage 

P r a i r i e  i n  t h a t  S p o r o b o l u s  h e t e r o l e p i s  was a m o n g  t h e  d o m i n a n t  

g r a s s e s  a t  t h e s e  two p r a i r i e s ,  b u t  n o t  a t  Osage P r a i r i e .  

M a r s h a l l f a  c a e s p i t o s a  was among  t h e  d o m i n a n t  f o r b s  a t  Diamond  

G r o v e  P r a i r i e ,  b u t  was a b s e n t  from t h e  o t h e r  two p r a i r i e s .  

T h e  p e r c e n t a g e  of  s p e c i e s  c o m p o s i t i o n  a c c o u n t e d  f o r  b y  t h e  

f o u r  most i m p o r t a n t  p l a n t  f a m i l i e s  a t  t h e  1 2  u n i t s  s a m p l e d  

f e l l  w i t h i n  t h e  f o l l o w i n g  r a n g e s :  C o m p o s i t a e  - 18 t o  2 3 1 ,  

G r a m i n e a e  - 1 6  t o  23%, C y p e r a c e a e  - 6 t o  1 1 %  a n d  

L e g u m i n o s a e  - 7 t o  1 0 % .  

T h e  i m p o r t a n c e  v a l u e  o f  s e v e r a l  s p e c i e s  a t  Osage P r a i r i e  

v a r i e d  w i t h  p a s t  m a n a g e m e n t .  Carex m e a d i i ,  C e r a s t i u m  
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v u l g a t u m ,  S o l i d a g o  g y m n o s p e r m o i d e s ,  V e r n o n i a  b a l d w i n i i ,  a n d  

V e r n o n i a  s p .  had  t h e i r  h i g h e s t  i m p o r t a n c e  v a l u e s  a t  two u n i t s  

of Osage P r a i r i e  t h a t  were g r a z e d ,  r a t h e r  t h a n  u n i t s  w h i c h  

were p r i m a r i l y  h a y e d  o r  h a y e d  a n d  b u r n e d .  On t h e  c o n t r a r y ,  

l o w e s t  i m p o r t a n c e  v a l u e s  f o r  Amorpha  c a n e s c e n s ,  A n d r o p o g o n  
t e r n a r i u s ,  A n d r o p o g o n  v i r g i n i c u s ,  A r i s t i d a  l o n g s p i c a ,  

F i m b r i s t y l i s  c a r o l i n i a n a ,  P s o r a l e a  p s o r a l i o i d e s ,  R h y n c h o s p o r a  

g l o b u l a r i s ,  R u d b e c k i a  h i r t a , '  S c h r a n k i a  u n c i n a t a ,  S c l e r i a  

t r i g l o m e r a t a ,  a n d  S o r g h a s t r u m  n u t a n s  o c c u r r e d  a t  t h e  two 

g razed  u n i t s .  A n d r o p o g o n  v i r g i n i c u s ,  E r i g e r o n  s t r i g o s u s ,  a n d  

H o u s t o n i a  m i n i m a  reached t h e i r  h i g h e s t  i m p o r t a n c e  v a l u e s  a t  

t h e  t h r e e  u n b u r n e d ,  a n n u a l l y  h a y e d  u n i t s ,  w h i l e  L e p t o l o m a  

c o g n a t u m  h a d  i t s  l o w e s t  i m p o r t a n c e  v a l u e  a t  t h e s e  t h r e e  

u n i t s .  

4. S p e c i e s  a b s e n t  o r  l e s s  f r e q u e n t  o n  g r a z e d  a r e a s  o f  Osage 

P r a i r i e  t h a t  were a l s o  l i s t e d  b y  K u c e r a  ( 1 9 5 6 )  a s  a b s e n t  o r  

l e s s  f r e q u e n t  o n  a g r a z e d  p a r t  o f  a n o r t h e a s t  M i s s o u r i  

p r a i r i e  i n c l u d e  Amorpha  c a n e s c e n s ,  A s c l e p i a s  h i r t e l l a ,  

E u p h o r b i a  c o r o l l a t a ,  a n d  G e n t i a n a  p u b e r u l e n t a .  P l a n t s  t h a t  

were more f r e q u e n t  u n d e r  g r a z i n g  a t  b o t h  Osage P r a i r i e  a n d  

t h e  p r a i r i e  s t u d i e d  b y  K u c e r a  were C e r a s t i u m  v u l g a t u m  a n d  

M y o s o t i s  v i r g i n i c a .  

5 .  A n d r o p o g o n  v i r g i n i c u s  was most f r e q u e n t  o n  a r e a s  of  Osage, 

Diamond  G r o v e ,  a n d  P a i n t  B r u s h  P r a i r i e s  t h a t  h a d  b e e n  

a n n u a l l y  h a y e d .  

6 .  T o  d e t e r m i n e  i f  s p e c i e s  f r e q u e n c i e s  were s i g n i f i c a n t l y  

d i f f e r e n t  f rom p a s t  m a n a g e m e n t ,  a n  a n a l y s i s  o f  v a r i a n c e  was 

d o n e  u s i n g  t h e  f r e q u e n c y  o f  19 common s p e c i e s  a t  each u n i t  o f  

t h e  t h r e e  p r a i r i e s .  F o r  t h o s e  s p e c i e s  s h o w i n g  a s i g n i f i c a n t  

d i f f e r e n c e  i n  u n i t s ,  a D u n c a n ' s  m u l t i p l e  r a n g e  t e s t  was u s e d  

t o  f u r t h e r  d e t e r m i n e  w h i c h  were d i f f e r e n t .  A t  Osage P r a i r i e ,  

t h e s e  19  s p e c i e s  showed s i g n i f i c a n t  d i f f e r e n c e s  i n  mean 

f r e q u e n c y  b e t w e e n  a t  l e a s t  t h r e e  o f  t h e  u n i t s .  Most o f  t h e  
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d i f f e r e n c e s  i n  f r e q u e n c y  were n o t  c l e a r l y  r e l a t e d  t o  s p e c i f i c  

m a n a g e m e n t  p r a c t i c e s  h o w e v e r .  An e x c e p t i o n  was A n d r o p o g o n  

s c o p a r i u s  w h i c h  was s i g n i f i c a n t l y  l e s s  f r e q u e n t  a t  t w o  

p r i m a r i l y  g r a z e d  u n i t s  o f  Osage P r a i r i e  t h a n  a t  u n i t s  

r e c e i v i n g  o t h e r  t y p e s  of  m a n a g e m e n t .  A t  D iamond  G r o v e  
P r a i r i e ,  two a r e a s  t h a t  were b o t h  a n n u a l l y  h a y e d  f o r  many 

y e a r s  showed n o  s i g n i f i c a n t  d i f f e r e n c e s  i n  11  of t h e  1 9  

common s p e c i e s  t e s t e d .  A t  P a i n t  B r u s h  P r a i r i e ,  1 1  o f  t h e  1 9  

s p e c i e s  t e s t e d  were s i g n i f i c a n t l y  more f r e q u e n t  i n  a 

m a n a g e m e n t  u n i t  t h a t  was a n n u a l l y  h a y e d  t h a n  i n  a u n i t  t h a t  

was h a y e d  e v e r y  two o r  t h r e e  y e a r s .  F i v e  of  t h e  1 9  s p e c i e s  

were s i g n i f i c a n t l y  l e s s  f r e q u e n t  i n  t h e  a n n u a l l y  h a y e d  u n i t  

as  o p p o s e d  t o  t h e  b i e n n i a l l y  o r  t r i e n n i a l l y  h a y e d  u n i t .  On 

t h e  w h o l e ,  t h e  f r e q u e n c y  o f  most s p e c i e s  t e s t e d  d i f f e r e d  

s i g n i f i c a n t l y  o n  u n i t s  t h a t  h a d  r e c e i v e d  d i f f e r e n t  m a n a g e m e n t  

t r e a t m e n t s .  

7 .  I n  g e n e r a l ,  Osage P r a i r i e  m a n a g e m e n t  u n i t s  t h a t  r e c e i v e d  t h e  

same t y p e  of p a s t  m a n a g e m e n t  h a d  t h e  h i g h e s t  s i m i l a r i t y  

i n d i c e s .  I n  a g i v e n  s e a s o n ,  t h e  h a y e d  u n i t s  were m o s t  

s i m i l a r ,  g razed  u n i t s  were most s i m i l a r ,  a n d  h a y e d / b u r n e d  

u n i t s  were most s i m i l a r .  An e x c e p t i o n  was t h a t  t h e  wes t  

g r a z e / h a y  u n i t  s a m p l e d  i n  s p r i n g  a n d  summer  was most s imi l a r  

t o  t h e  n o r t h e a s t  h a y / b u r n  u n i t  i n  t h e  c o r r e s p o n d i n g  s e a s o n .  

8 .  T h e  h i g h e s t  s p e c i e s  r i c h n e s s  ( t o t a l  n u m b e r  of  s p e c i e s  s a m p l e d  

i n  a u n i t  d u r i n g  a s e a s o n )  a t  Osage P r a i r i e  o c c u r r e d  i n  two 
g r a z e d  a r e a s  ( s a m p l e d  i n  s u m m e r ) .  T h i s  may b e  a t t r i b u t e d  

p a r t i a l l y  t o  t h e  r e l a t i v e l y  h i g h  p e r c e n t a g e  o f  i n t r o d u c e d  

s p e c i e s  a t  t h e  g r a z e d  u n i t s  ( 4 . 3  t o  8 . 6 %  o f  s p e c i e s  s a m p l e d  

were i n t r o d u c e d )  a s  o p p o s e d  t o  t h e  h a y e d  o r  h a y e d  a n d  b u r n e d  

u n i t s  ( 0 . 8  t o  2.7% o f  s p e c i e s  s a m p l e d  were i n t r o d u c e d ) .  

V a l u e s  f o r  t h e  S h a n n o n - W e i n e r  i n d e x ,  a. h e t e r o g e n e i t y  i n d e x  

w h i c h  t akes  i n t o  a c c o u n t  b o t h  s p e c i e s  r i c h n e s s  a n d  t h e  

e v e n n e s s  o f  a s p e c i e s  d i s t r i b u t i o n  ( s p e c i e s  f r e q u e n c y ) ,  were 

a l s o  h i g h e s t  a t  t h e s e  two g r a z e d  u n i t s  ( 4 . 0 8  a t  t h e  c e n t r a l  
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g r a z e  u n i t  a n d  3 .98  a t  t h e  e a s t  g r a z e  u n i t  i n  s u m m e r ) .  The  

S h a n n o n - W e i n e r  i n d e x  v a l u e  f o r  t h e  s o u t h e a s t  h a y  u n i t  was 
a l s o  h i g h  (3 .97  i n  s u m m e r )  a n d  v e r y  c l o s e  t o  t h a t  o f  t h e  e a s t  
g r a z e  u n i t .  

9 .  S e a s o n a l  v a r i a t i o n  i n  v e g e t a t i o n a l  c o m p o s i t i o n  was a p p a r e n t  

s i n c e  t h e  f r e q u e n c y  o f  19  common s p e c i e s  o f t e n  d i f f e r e d  

s i g n i f i c a n t l y  w i t h  s e a s o n  a t  Osage P r a i r i e .  F o u r t e e n  o f  t h e  

1 9  s p e c i e s  t e s t e d  h a d  s i g n i f i c a n t  d i f f e r e n c e s  i n  mean  

f r e q u e n c y  b e t w e e n  a t  l e a s t  t w o  o f  t h e  t h r e e  s e a s o n s  s t u d i e d .  

A d d i t i o n a l l y ,  t h e  m o s t  i m p o r t a n t  s p e c i e s  a t  each u n i t  o f  t h e  

t h r e e  p r a i r i e s  o f t e n  v a r i e d  w i t h  s e a s o n .  

10 .  S e a s o n a l  v a r i a t i o n  was a l s o  a p p a r e n t  f r o m  d i v e r s i t y  i n d i c e s  

c a l c u l a t e d  f o r  Osage P r a i r i e .  T h e  g r e a t e s t  a v e r a g e  s p e c i e s  

r i c h n e s s  ( 9 7  s p e c i e s  p e r  u n i t )  o c c u r r e d  i n  s u m m e r ,  a n d  t h e  

l o w e s t  a v e r a g e  s p e c i e s  r i c h n e s s  ( 7 4  s p e c i e s  p e r  u n i t )  

o c c u r r e d  i n  a u t u m n .  T h e  l o w e s t  c o n c e n t r a t i o n  o f  d o m i n a n c e  

( S i m p s o n ' s  i n d e x )  o c c u r r e d  i n  summer  a t  m o s t  u n i t s  o f  Osage 

p r a i r i e ,  w i t h  g r e a t e r  d o m i n a n c e  c o n c e n t r a t i o n  i n  s p r i n g  a n d  

fall. 
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Awendix 2 .  importar,ce value ( r e l a t i v e  freqileficy + canopy cover) o f  each species sampled a t  8 Ranaoenent units 
o f  Osace P rz j r i e ,  given by season as follows: 
o f  rranagemflt unit names a re :  
NW=northwest, NE=northeast, and b h e s t .  
unit are  given in Table 1. 

S P = s ? r i n g ,  SU=sumer, a n d  i ; \= fa l l .  Abbrevia t io~s  
SW=southwest, SC-south cent ra l ,  SE=southeast, C=central, i = e a s t ,  

The future management and future name of each 

Soecies 

Acalypha gracilens 
Achill ea mil 1 efol ium 
Agropyron repens 
Agrostis e l l  i o t t i ana  
Agrostis -hyemal i s  
Agros t i  s stol  onif era 
Allium sp. 
Alopecurus carol inianus 
Ambrosia a r t emis i i fo l i a  

v1 Ambrosia bidentata 
P Ambrosia coronopifol i a  

Amrpha canescens 
Andropogon gerard i i  
Andro pogo n saccharo i des 
Andropo go n scoparius 
Andropogon te rnar i  us 
Andropogon v i rg in icus  
Anemne cam1 i niana 
Antennaria neglecta 
Apocynum cannabinum 
Aristida dichotoma 
Ari s t ida  1 ongespi ca 
Aristida 01 igantha 
Aristida purpurascens 
Aristida sp. 
Asclepias amplexicaulis 
Asclepias h i r t e l l a  
Asclepias stenophylla 
Arc1 epias v e r t i c i l l a t a  
Ascl epi as vi ri di f 1 ora 
Asclepias vi ri di  s 
Asclepias sp. 
Aster azureus 

SW Hay 

Xx  
4 3  

4 
53 119 3 

4 

2 1  

4 4 1  
2 1  133 7 

2 
89 129 9 
44 46 5 
72 73 9 

22 9 1 

9 
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2 3 
84 
16 
10 1 
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13 
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74 109 1 
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18 22 1 
11 122 12 
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72 96 7 

26 18 1 
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10 
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Appendix 2. (Continued) 

SDec i e s 
Aster ericoides 
Aster 1 inariifol  ius 
Aster patens 
Aster pilosus 
Aster sp. 
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Baptisia 1 eucantha 
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Bidens polylepis 
Bromus racemosus 
Bromus sp. 
Buchnera ameri cana 
Cacal i a  tuberosa 
Cal opogo n t u  bero sus 
Camassi a sci 11 oides 
Cardamine parviflora 
Carex abdi ta 
Carex bus hi i 
Carex meadii 
Carex sp. 
Casti l leja coccinea 
Ceanothus amer icanus 
Centunculus minimus 
Cerastium vulgatum 
Chrysopsis pilosa 
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Cirsium altissimum 
Cirsium discolor 
Cirsium sp. 
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Coreopsis palmata 
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Appendix 2. (Cont inued) 

SDecies 
Croton g l  andulosus 
Croton mnathogynus 
Crotonopsis e l l  i p t i c a  
Cyperus sp. 
Danthoni a s p i  ca ta  
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Appendix 2. (Cont inued) 
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Appendi x 2. (Cont inued)  
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O S A G E  PRAIRIE - IFIPORTANCE VALUES 
Appendix 2. (Continued) 
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Appendi x 2. (Continued) OSAGE PRAIRIE - Ii4PORTANCE VALUES 
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Appendix 3. Relative frequency o f  each species sacpled a t  8 nanagement uni ts  o f  Csaoe P r a i r i e  civen by 
season: SP=spr i r . a ,  Sll=sucrer, and FA=fall. 
follows: 
NE=northeast, an? !.:=west. 
are given in T a b l e  1. 

Management uni t  nares a re  abbreviated as 
S!4=sou:h8;est, SC=south c e n t r a l ,  SE-scutheast, C=centra: , E=east, il!.l=northwest, 

The future management and future name of each unit 

OSAGE PRAIRIE - RELATIVE FREQUENCIES 
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OSAGE P R A I R I E  - RELATIVE FREQUENCIES 
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Appendix 3. (Continued) 
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12 

6 

3 
1 

18 

1 
64 37 

2 
2 

14 21 
22 

34 

1 
1 

38 

32 

2 

SC Hay x 

- 
1 

12 6 

9 19 

2 1  
45 44 66 

13 9 13 
18 

41 17 
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SE Hay 

Zel_s?il& 

1 

1 

2 

2 

43 

17 

1’ 

1 
1 

1 2  

2 

17 33 

1 
64 78 

1 

14 6 
7 

23 14 

2 3  

C Graze x 
20 
1 
1 

1 

17 
1 

1 
27 8 
6 1 

1 
1 3  

3 1  
14 33 13 
1 
3 
7 1  

1 
1 1  

49 
2 4  
3 

7 2 

E Graze 

1 
1 
2 6 3  

6 
1 
1 

50 16 

3 4  
1 

6 16 12 
1 

3 2  

64 
1 4 3  

4 
1 

11 1 9 

I ES 
NW Hay/ 

30 

9 

7 

6 

2 

39 

10 

4 

7 11 

3 
4 

14 29 

3 
13 58 

1 

29 8 
1 

31 3 

2 4  

NE Hay/ Ax 

17 

13 12 

8 4  
1 7  

1 9  

1 
11 13 
1 
2 

1 

13 7 
1 

24 20 

1 3  

16 
1 

38 

1 
54 

3 

6 

1 

W Graze/ 

2 2  

1 
12 6 

1 

1 
4 2  

3 4 

18 9 
6 1  

i 

9 11 30 

2 
37 12 58 
1 1  

8 7  

6 
6 

17 16 11 



Appendix 3. (Continued) 

Soeci P s 

Gerardia fasci cul a t a  
Gnaphal i urn purpureum 
He1 enium f l  exuosum 
He1 ianthus mol 1 i s  
fiieracium longip i lm 
Houstonia minima 
Hypericum d rumndi  i 
Hypericum punctatum 
Hypoxi s hi rsuta 
Isoetes butleri 

cn Juncus brachycarpus 
Juncus dud1 eyi 
Juncus in t e r io r  
Juncus marginatus 
Juni perus v i  rgi n i  ana 
Koeleria c r i s t a t a  
Kri gi a dandel ion 
Krigia occidentalis 
Krigia virginica 
Krigia sp. 
Lactuca canadensis 
Lepi d i  um vi rgi nicum 
Leptoloma cognatum 
Lespedeza capi ta ta  
Lespedeza s t r i a t a  
Lespedeza v i  rgi ni ca 
Lespedeza s t r i a  ta/Trifol i um 
Liatri s aspera 
Liatri s pycnostachya 
Linaria canadensi s 
L i n u m  medium 
L i  num sul ca t u m  
Lithospermum incisum 
Lobelia spicata 

SW Hay rn 
19 

3 19 1 
22 21 1 

2 
49 2 

a 
3 

3 

64 

1 
11 2 
1 

3 

1 2  

28 

3 7  

SC Hay x 
3 

7 17 
7 26 

52 
3 

9 

1 

2 

2 

67 

2 
a 
1 

2 8  

14 

2 
2 2  

OSAGE PRAIRIE - RELATIVE FREqUErICIES 

11 
19 36 12 
4 14 3 
1 3  1 

1 2  4 
7 1  

17 

1 
li 

73 

4 
10 24 

1 
1 
3 4  

1 

10 i 
12 

3 2  
1 

C Graze 

JJJ 1 

3 13 1 
17 4 14 

10 
1 1 

1 
32 

8 2  

3 
2 

1 

1 
57 6 
4 1  1 

11 2 
39 60 

4a 11 
1 

22 

3 

1 1  

E Graze 

3 8  1 
21 21  32 

10 
3 9  

67 
1 
10 30 

8 22 
7 

1 
1 

34 

2 

1 
3 

36 57 

14 40 
1 

1 10 
38 2 1  

11 

2 7  

21 

1 

iiW Hay/ 
Burn 

1 
2 2  

21 21 28 
1 

1 
41 

1 

1 

37 

1 
21 26 
1 1  

3 12 a 
1 

1 

7 
3 

1 

PIE iiay/ 

3x1- 
1 6  ' 

2 
10 3 i 
4 

1 
1 

a2 

1 3 :  
17 

28 

2 1  6 
2 

7 8  1 

2 '  
27 1 

3 2  

W Graze/ 
Hav 

4 
6 6 1  
9 14 7 
1 2 
2 

1 2  

39 

10 4 1 
1 
1 

6 1  

1 
51 

24 

60 33 

1 2  
6 4 3  

3 6 2  
1 

20 

1 
11 2 
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52 a3 73 

10 
7 20 13 

Appendix 3. (Continued) 

74 93 93 

11 14 11 
1 

Ludwi gi a a1 terni  fol  i a 
Luzul a bul bosa 
Flonarda f i s t u l o s a  
Myosotis virginica 
Nothoscordum bi Val ve 
Oenothera l i n i f o l i a  
Oxalis d i l l e n i i  
Oxalis violacea 
Panicum 1 anuginosum 
Panicum l inear i fo l ium 
Panicum 01 i gosanthes 
Panicum scopari um 
Panicum sphaerocarpon 
Panicum virgatum 
Panicum sp. 
Paspalum c i l i a t i f o l i u m  
Pas pal um 1 aeve 
Paspalum sp. 
Pedicular is  canadensis 
Penstemon di gi t a l  i s  
Pens temon spp . 
Petalostemon candidum 
Phlewn pratense 
Phlox pi losa 
Physal i s pumi 1 a 
Physalis heterophyll a 
Physalis virginiana 
Physostegia angus t i fo l ia  
Plantago a r i s t a t a  
Plantago lanceolata  
P1 antago v i  rgi  n i  ca 
Poa compressa 
Poa pra te  ns i s 
Poa sp. 
Polygala incarnata 

7 31 8 
10 16 

1 7 
2 6 9  
1 1 4  

SW Hay x 
7 

41 
47 

31 1 1: 
2a 21 4; 

43 as 6; 

16 
7 3  t 
27 4 15 

4 4: 
3; 

a 79. 1 
1 
3 1 1; 

12 

2 
20 

26 1 

3 

32 10 
2 
3 

4 6  
a 

SC Hay 

2 

2 
40 

19 
39 11 26 
39 
45 90 100 

1 3  
1 
7 4  

2 3 
18 1 
11 2 64 

27 
90 

2 4 1  
15 1 7 

14 

5 1 1  
3 

55 

SE Hay x 
7 

1 
59 . 

21 
24 12 
51 
49 71 

14 a 
1 

47 
9 10 
10 
1 

3 66 
12 16 
22 7 

29 

1 

2 

4 

67 

24 
6 
a4 

a 
16 
2 

69 
34 
1 
13 
12 

1 

C Graze a: 
1 

17 2 

ia  
51 a 
29 a 52 

5a a9 72 

11 

47 1 

16 
29 24 
9 

7 4  
1 1  3 
19 32 11 

18 32 
7 3  

2 1  2 
4 4 

2 

3 

1 
1 

2 9  
53 
4 

4 10 1 

32 

23 

28 28 

i4W Hay/ E Graze 

l I  
14 

I 34 
56 7 42 

9 a  

1 3  
6 4  

2 2 4 1 4  

6 

12 
9 
43 

2 

N E  Hay/ 

3x 
43 

6 
19 37 77 
aa 46 

4 
a0 98 94 

20 ia  34 

12 4 
2 2 
13 3 
2 13 9 

2 

4 7  
16 14 

i a  

1 
1 

13 

W Graze/ 

XL 
7 

1 
13 
1 2  
33 39 73 
51 11 

10 8 3 
30 33 33 

11 3 7 

51 70 
3 7  

4 3  1 
4 6  

7 
1 1 

1 

58 99 93 

a a  

3 

2 1  

2 
a i  

37 
1 



Appendix 3. (Continued) OSAGE PRAIRIE - RELATIVE FRErlUENCI ES 

Soecizs 
Polygala sangui nea 
Polygala v e r t i c i  1 l a t a  
Polytaenia nut ta l l  ii 
P o t e n t i l l a  rec ta  
Poten t i l l a  simplex 
Prenanthes aspera 
Prunella vulgar is  
Psoralea psora1 io ides  
P ti 1 i mni  um n u  t t a l  1 i i 

oI Pycnanthemum tenui fol  i um 
v Pyrrhopappus carol i nianus 

Ranunculus f a s c i c u l a r i s  
Rhus copal 1 i na 
Phynchospora globular is  
Rhynchospora harveyi 
Rhynchospora sp. 
Rosa Carolina 
Rosa mu1 t i f l o r a  
Rubus ens len i i  
Rubus f l  age1 1 a r i s  
Rubus o r a r i  us 
Rubus sp. 
Rudbeckia hirta 
Rue1 1 i a  humi 1 i s  
Rumex ace tose l l  a 
Sal vi a azurea 
Schrankia uncinata 
Scirpus koi lo lep is  
Sc ler ia  C i l i a t a  
Scler i  a pauci f l  o ra  
Sc ler ia  tri glomerata 
Sc ler ia  sp. 
S c u t e l l a r i a  parvula 
Se tar ia  genicul a t a  

~~ 

SW Hay 

J-X? 
1 a7 

2 

3Q 38 36 

77 72 

48 30 19 

9 

37 
1 

52 4 53 
20 26 37 

7 

4 1  
7 61 64 

i a  74 44 

60 1 

30 
6 

2 1 6  
1 1 2  

21 

3 io a 

SC Hay x 
a7 4 

2 
1 

38 64 66 

59 84 

41 24 32 

13 1 

71 53 
2 

39 3 4 
27 19 11 

3 1  

2 1 

14 69 77 
14 52 5a 

2 
2 39 7 

2 14 11 
6 2  

5 30 22 
4 2 7  
6 7 1  

23 22 

SE Hay 

5 . P U L L  
76 3 

1 2  

27 37 48 

40 49 
1 1  
20 27 36 

30 

39 71 

23 4 9 
39 46 47 

4 

1 1  

2 1 2  

16 46 69 

2 
12 64 40 

37 14 
6 

10 13 20 
3 9  

50 30 

34 58 62 

C Graze 

LL 
71  

3 

70 48 72 
1 

29 22 

26 24 30 

7 1 

1 

4 19 

1 

34 a3 

28 27 30 

1 
33 41 49 
10 53 30 
14 39 4 
20 57 46 

23 

1 

4 3  
1 9  

6 6  
7 

E Graze x 
a7 1 

3 
1 
53 53 57 

2 
3 

14 19. 

44 53 50 
7 

28 77 

7 

6 

3 9 
14 12 30 
1 
1 

1 
38 42 27 
2 19 28 
53 73 26 
26 19 32 

7 1  

1 

1 4  
6 

16 16 

1 

a 11 

i.lW Hay/ 

S P  i":," I FA 

74 

a i  
2 
27 16 26 

64 70 

37 36 2a 

9 1 
1 
14 

1 2  
37 10 11 

1 

2 11 

7 3  2 
77 43 

67 63 42 

1 10 
26 50 21 

17 1 
6 

14 14 3 
6 

39 48 28 

2 4  
7 22 a 

WE Hay/ 

7- 
78 
1 

51 1 

22 27 16 

a7 ao 
24 32 17 
9. 

9 11 

13 16 11 
28 34 38 
1 

1 
24 89 47 
58 46 51 

28 38 43 

3 

12 17 1 
2 3  

12 27 14 
9 

W Graze/ 

90 

2 1  

77 79 49 
1 

54 44 
2 

58 76 58 

10 

22 ia 
4 1  

12 19 12 
52 66 73 
1 

2 11 

14 11 1 
29 50 37 
79 68 78 
1 
1 

50 54 54 

11 1 

16 24 28 
9 a 11 
2 

27 68 77 



OSAGE PRAIRIE - RELATIVE FREQUENCIES 
Appendix 3. (Cont inued)  

SDeci e s 
S i  1 ene a n t i  r r h  i na 
S i l ph ium i n t e g r i f o l  ium 
S i s y r i  nch i  um campes t r e  
Solanum ca ro l i nense  
Sol i dag0 gymnospermi des 
So l idago m issour iens i s  
Sol idago nemora l i s  
So l idago r i g i d a  
Sol idago speciosa 
So l idago sp. 
Sorghastrum nutans 

03 Specu la r ia  p e r f o l  i a t a  
Sp i ran thes  cernua 
Sp i ran thes  ve rna l  i s  
Sporobol us asper  
Sporobol us h e t e r o l e p i s  
S t rophos ty l  es 1 eiosperma 
Sty1 osanthes b i  f l  o r a  
Tephrosia v i r g i n i a n a  
Tradescant i  a o h i  e n s i  s 
Trag ia  b e t o n i  c i  f o l  i a  
Tr idens  f l a v u s  
Tr idens  s t r i c t u s  
T r i f o l i u m  campestre 
Va le r iane l  l a  r a d i a t a  
Verbesi na he1 i a n t h o i  des 
Vernonia b a l  dwi n i  
Vernonia c r i n i  t a  
Vernonia m i s s u r i c a  
Vernonia sp. 
V i o l a  k i t a i b e l i a n a  
V i o l a  pedata 
V i o l  a sag i  tta t a  

SW Hay m 
6 

1 
3 

60 

1 

2 

1 

1 

2 
8 8  
6 

73 83 

2 

4 

46 1 

6 6  

1 

2 6  

9 1  98 

SC Hay 

JZL 
4 

2 

54 
2 

2 

2 

89 

1 

1 6  
3 
2 

87 94 

8 11 
24 18 

1 
4 

3 

1 

12 
10 

93 73 

SE Hay 

J J m  

30 

1 

63 
14 

1 

10 
80 

11 9 
10 8 

7 9  
1 

78 69 

1 

2 9  
43 24 

9 
2 1  

1 

1 
4 

4 1  
82 57 

C Graze 

JiL 
1 
1 

28 
38 24 19 

1 
6 18 10 

1 

4 

36 36 5 1  

1 
2 1  

1 
12 
3 1  3 

8 1  

52 
1 

24 1 2 
1 

30 4 1  39 
1 

66 64 89 

E Graze 

j P 5  w FA 
3 3  
1 
3 1  

64 59. 47 
6 

1 4 1  

1 1  
34 57 57 

3 

77 13 
16 4 

1 

22 23 
1 

1 

32 

18 58 58 
1 1  

63 77 79 

NW Hay/ n 
31 8 
2 8 8  

3 6  

70 78 82 

1 

4 

4 

1 3 1  11 

1 
1 

18 32 16 

6 

1 2 
3 14 4 

74 80 84 

HE Hay/ 

3x 
1 

1 
9 2  2 
2 16 16 

3 6  
1 3  1 

86 82 84 
2 

2 

1 3  
20 13 13 

1 6  1 

7 13 8 

1 
3 

8 14 

a4 84 78 

W Graze/ 

1 
4 

18 12 19 
1 13 1 

!6 40 26 
2 

1 

j8 68 67 
1 

1 

1 
56 29 

I3 3 1  6 
1 

1 
1 8  8 
2 3 

1 
19 

23 
16 6 1  

io 74 79 
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Appendix 3. (Concl uded) 

S x c i a s  
Composi tae  
Cyperaceae 
Gramineae 
Orchi daceae 
unknown mnocot 
unknown d i  c o t  

i i W  Hay/ I NE tiay/ I W Graze/ j 
D*.-.. n*.-.. U>$, 1 s i  :'av I C Graze I E Graze I I sc tlav S.1 Hay I 

2 

8 1  
1 

SP su 
1 
2 

1 
1 

I I I 1 I I I 1 



A p p e n d i x  4 .  Average c a n o p y  c o v e r  o f  e a c h  p l a n :  s p e c i e s  s a m p l e d  a t  8 managenen :  u n i t s  of 
O s a g e  P r a i r i e  p r e s e n t e d  b y  sea so^.: S P = s ~ r i n g ,  SU=surrmer,  a n d  F A = f a l l .  Managemen t  
u n i t s  a r e  a b b r e v i a t e d  as  f o l l o w s :  
C = c e n t r a l ,  2 = e a s t ,  ? u W = n o r t h v e s t ,  N E = n o r t h e a s t ,  a n d  b . i = w e s t .  
arid f u t u r e  name o f  e a c h  u n i t  a r e  g i v e n  i n  T a b l e  1. 

S W = s o u t h w e s t ,  S C = s o u t h  c e n t r a l ,  S E = s o u t h e a s t ,  
T h e  f u c u r e  m a n a g e n e n t  

OSAGE PPAIRIE - CANOPY COVER 

SDec i  es  

Acalypha g r a c i l  ens 
Achi  1 1 ea m i l  1 e f o l  i urn 
Agropyron repens 
A g r o s t i s  e l l i o t t i a n a  
A g r u s t i s  hyemal i s  
Agros t i s s to1 o n i f  e ra  
A l l i u m  sp. 
Alopecurus c a r o l  i n ianus  
Ambrosia a r t e m i s i i f o l  i a  
Ambrosia b i d e n t a t a  
Ambrosia c o m n o p i f o l  i a  

Andropogon g e r a r d i i  
Andro pogon saccharo i des 
Andropogo n scopa r i  us 
And m pogo n t e r n a r  i us 
Andropogon v i r g i n i c u s  
Anemne c a m 1  i niana 
Antennar ia  neglecta 
Apocynum cannabi num 
A r i s t i d a  dichotoma 
A r i  s t i d a  1 ongespica 
A r i s t i d a  01 igantha 
A r i s t i d a  purpurascens 
A r i s t i d a  sp. 
Asc lep ias  amp lex i cau l i s  
Asc lep ias  h i r t e l  l a  
Asc lep ias  s tenophy l l a  
Asc lep ias  v e r t i c i l l a t a  
Asc lep ias  v i r i d i f l o r a  
Asc lep ias  v i  r i d i s  
Asc lep ias  sp. 
A s t e r  azureus 

0“ Amrpha  canescens 

3 1 1  

3 
14 29 3 

3 

7 

2 
3 8 1  
10 43 20 

1 
18 41 19 
17 34 21 
6 20 14 

2 1 1  

20 
24 

1 13 
23 
15 
7 8  

3 

3 
3 

~~ ~ 

SC Hay 

LLL- 
1 

12 26 15 
2 

1 
4 15 11 
7 45 41 

25 45 36 
21 41 12 
7 25 22 
1 
1 1 1  
1 1 

24 
36 
27 

5 26 
42 15 

9 15 

5 
3 

SE Hay 

SLLL 
13 

1 

5 
7 

21 
25 
7 
1 
1 

15 

26 
15 1 

1 

16 7 
34 37 

57 41 
46 47 
20 23 

1 1  
6 

36 
25 

11 15 
37 3 
3 3  

5 

C Graze 

26 
1 1  

11 7 7 
3 

12 23 3 
6 

1 

1 3  
1 

1 
3 11 2 
13 47 25 

14 25 16 
10 
5 16 10 

5 1 1  

7 
10 

8 

3 

E Graze 

j p 5  w 
1 1  

3 5 3  

3 
14 23 4 

11 

3 3 
1 4  
1 7  

3 8  
3 

17 49 23 

io 33 ia 
3 
3 12 4 
1 
4 5 1  z a  

14 
12 

7 3  
13 

3 

ilW Hay/ 

j P  9”:,̂! FA 

3 

10 17 1 

1 3  

5 7 6  
15 29 33 

17 62 63 
12 24 17 
4 16 10 
1 1 
I l l  
2 1  

23 
10 

9 17 13 
35 

3 38 15 

3 7  

NE Hay/ 

3x 
1 1  

15 
19 13 

63 

1 3 1  

6 15 13 
36 46 35 

38 60 65 
23 23 15 
8 15 18 
1 
1 1 1  
1 1 1  

9 

3 10 
17 14 22 

28 
3 

15 20 15 
15 
1 
3 

10 3 
1 
15 

ia 

1 1 1  
3 1 3  

16 13 
15 

2 2 1  

8 15 11 
40 46 30 

48 47 50 
25 15 9 
17 17 12 
2 
1 1 1  

1 

37 
16 

13 20 23 
40 
1 



Appendi x 4. (Cont inued) 
OSAGE P R A I R I E  - CANOPY COVER 

Species 

A s t e r  e r i c o i d e s  
A s t e r  l i n a r i i f o l i u s  
A s t e r  patens 
A s t e r  p i l o s u s  
A s t e r  sp. 
As t raga l  us sp. 
B a p t i s i a  1 eucantha 
B a p t i s i a  1 eucophaea 
Bidens p o l y l e p i s  

v Bromus racernosus 
c-’ Bromus sp. 

Buchnera ameri cana 
Cacal i a  tuberosa 
Cal opogon t u  berosus 
Camassia s c i l l o i d e s  
Cardarnine p a r v i f l o r a  
Carex abd i  t a  
Carex bus h i  i 
Carex mead i i  
Carex sp. 
Cas t i  11 e j a  cocc inea 
Ceanothus ameri  canus 
Centuncul us minimus 
Ceras t ium vulgatum 
Chrysops is  p i l o s a  
C i c u t a  macul a t a  
C i r s i u m  a1 t i ss imum 
C i rs ium d i s c o l o r  
C i r s ium sp. 
C l a y t o n i a  v i r g i n i c a  
Comandra r i c h a r d s i a n a  
Co reo  p s i  s g r a n d i  f 1 o r a  
Coreopsis pa lmata  
Cornus d r u m n d i  
Cro t a l  a r i a  sag i  t t a l  i s  

SW Hay 

J-X 
9 2  

1 5 1  
1 10 2 

3 1  

3 15 

1 
6 12 5 
5 12 
12 13 9 

5 1 1  

1 
1 

1 

1 
4 4  

1 

SC Hay x 
63 2 

3a 
1 a 
7 9 10 

3 1  

15 7 
a 

3 15 
1 

5 11 
a a 9  
15. 15 11 

3 1 1  

1 

15 

4 3 
2 9 2  

9 

2 1  

3 

2 5 5  
9 7  

1 1  
2 1  

12 a 5 
1 

3 

15 
9 13 
6 15 3 
26 14 7 

17 
3 1 1  

1 
1 

1 

15 
2 

2 2 5  
3 10 1 

1 

C Graze x 
15 4 

3 6 2  
6 2a 

3 12 

17 15 
3 

3 

a 
11 15 9 
13 11 6 
36 16 27 

1 
2 1  

3 
3 1 2  
3 

3 1  
3 
5 6 2  
15 13 1 

2 

E Graze 

S P T  u FA 
7 

11 3 

3 
15 

7 4  
3 

13 16 a 

2 
11 15 4 
9 11 3 
37 20 56 

1 
2 1  

2 1 1  
11 

6 
2 

3 
3 7 1  

3 
2 1  

i i W  Hay/ n 
4 6  

2 12 7 
6 2  

9 16 3 

1 2  
3 

3 15 7 
5 13 8 
13 14 9 
3 

1 1  
3 

1 

2 5  

1 

NE Hay/ 
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7 15 11 
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29 13 12 

15 1 1 
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Appendix 4. (Cont inued) 

SDecies 
Cro ton  glandulosus 
Croton mnathogynus 
Cro tonops is  e l l i p t i c a  
Cyperus sp. 
Danthonia s p i c a t a  
De lph in ium v i rescens  
Desmodium canadense 
Desmodium s e s s i l i f o l i u m  
D iod ia  t e r e s  
Dodecatheon meadi a 

N Draba brachycarpa 
Echi  nacea pa l  1 i d a  
E leochar i s  obtusa 
E leochar i s  tenu is  
E l  eochar i  s sp. 
El  ymus canadensi s 
Elymus v i r g i n i c u s  
E r a g r o s t i s  s p e c t a b i l i s  
E r i g e r o n  annuus 
E r i g e r o n  canadensis 
E r i g e r o n  s t r i g o s u s  
Eryng i  urn y u c c i f o l  i um 
Ery thron ium a lb idum 
Eupator ium p e r f o l  i a tum 
Eupator ium s e r o t i  num 
Euphorbia c o r o l l a t a  
Festuca o c t o f l o r a  
Festuca e l a t i o r  
F i r n b r i s t y l  i s  c a r o l i n i a n a  
Gal i urn obtusum 
Gent iana puberu len ta  
Geranium ca ro l i n ianum 

v 

38 

4 

2 

34 
38 

9 

1 
1 7  

8 
1 

1 12 
5 
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1 
3 

SC Hay 

3 

20 29. 
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3 14 11 
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1 
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4 7  3 
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1 
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SAGE PRAIRIE 
C Graze x 

1 
1 
3 

1 

4 
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3 
17 18 
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3 13 
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5 9  1 
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CANOPY COVEF 
E Graze 
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9 1  6 
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18 12 
15 

7 7  1 
3 

6 9  

5 
15 8 18 

6 
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2 1  1 
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4 6  
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1 
1 1  

2 
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1 

3 11 

2 8  
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10 

1 
3 

3 

3 
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NE Hay/ 

3xA- 

3 

6 9  
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15 4 

1 
2 5  

15 
1 

15 

9 9  
1 

3 9  

3 15 

4 
1 

12 

1 
1 

10 

3 

15 

W Graze/ 

T-L 
2 2  

3 
10 7 

5 

15 
24 19 

0 17 
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15 
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1 
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1 15 
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Appendix 4. (Continued) 
OSAGE PRAIRIE - CANOPY COVER 

Gerardia f a s c i c u l a t a  
Gnaphal i urn purpureum 
He1 en i um f 1 exuos um 
Helianthus mollis 
Hi eraci  um 
Houstonia minima 
Hypericum drumondi i 
Hypericum punctatum 
Hypoxis h i r su ta  
Isoetes  b u t l e r i  
Juncus brachycarpus 2 Juncus dudleyi 
Juncus i n t e r i o r  
Juncus marginatus 
Juni perus vi rgi  ni ana 
Koeleria c r i s t a t a  
Kri gi a dandel ion 
Krigia occidental i s  
Krigia v i rg in ica  
Krigia sp. 
Lactuca canadensi s 
Lepidium v i r g i n i u m  
Leptoloma cognatum 
Lespedeza capi t a t a  
Lespedeza s t r i a t a  
Lespedeza vi rgi  ni ca 
Lespedeza s t r i a t a / T r i f o l  ium 
Lia t r i  s aspera 
Lia t r i  s pycnostachya 
Li nari a canadensi s 
Linum medium 
Linum sulcatum 
Li thospermum incisurn 
Lobelia sp ica ta  

1 ong i pi 1 um 
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33 34 11 
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1 
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15 
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21 15 
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1 

4 
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3 
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6 

1 
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3 
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Burn 

1 
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18 4 1 
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Appendix 4. ( Continued) OSAGE PRAIRIE - CANOPY COVER 

Soecies 
Ludwigia a1 t e r n i f o l i a  
Luzul a bul bosa 
blonarda f i s t u l o s a  
Myosotis v i rg in ica  
Northoscordum b i  Val ve 
Oenothera l i n i f o l i a  
Oxalis d i l l e n i i  
Oxalis violacea 
Panicum 1 anuginosum 
Panicum l inear i fo l ium ., Panicum o l  i gosanthes * Panicum scoparium 
Panicum sphaerocarpon 
Panicum virgatum 
Panicum sp. 
Paspal um c i l  i a t i f o l  i u m  
Paspal um 1 aeve 
Paspalum s p .  
Pedicular is  canadensis 
Penstemon d i g i t a l i s  
Penstemon sp. 
Petalostemon candidum 
Phleum pratense 
Phlox pi losa 
Physalis pumi l a  
Physalis heterophylla 
Physalis virginiana 
Physos tegi  a angus ti fo l  i a 
P1 antago a r i s  t a t a  
P1 antago lanceolata  
Plantago virginica 
Poa compressa 
Poa pra tens is  
Poa sp. 
Pol ygal a i ncarna ta  
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10 

2 
3 1 1  
3 1 
7 14 22 

5 6 4  
15 
5 2  

16 38 20 
7 
3 11 

15 
3 16 3 

19 12 5 
4 2 2  

3 

3 

2 

3 
3 

4 

C Graze a: 
1 

7 1 

3 
12 1 

2 
2 1 1  
5 1 
5 14 8 

11 
12 17 
3 

15 44 
3 3 1  
9 12 4 

27 10 
4 1  

15 15 15 
3 1 

2 

15 

1 
3 

2 4  
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26 34 9 

1 3 1  

23 

1 1  
7 

2 
14 10 
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2 2  
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8 
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1 
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17 47 
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Appendix 4. (Cont inued) 

Species 

Po lyga la  sanguinea 
Po lyga la  v e r t i c i l  1 a t a  
Po ly  taen i  a n u t  t a l  1 i i 
Po t e n t i l l  a r e c t a  
Po t e n t i  1 l a  s implex 
Prenanthes aspera 
P r u n e l l a  v u l g a r i s  
Psora lea  p s o r a l i o i d e s  . 
P ti 1 i mni um n u t  tal 1 i i 
Pycnanthemum tenu i  fo l  i um 
Pyrrhopappus ca ro l  i n i  anus 
Ranunculus f a s c i c u l a r i s  
Rhus copal 1 i n a  
Rhynchospora g l o b u l a r i s  
Rhynchospora harvey i  
Rhynchospora sp. 
Rosa c a r o l  i na 
Rosa mu1 ti f l o r a  
Rubus e n s l e n i  i 
Rubus f l a g e l l a r i s  
Rubus o r a r i u s  
Rubus sp. 
Rudbeckia h i  rta 
Rue1 1 i a  humi 1 i s  
Rumex a c e t o s e l l  a 
Sal  v i  a azurea 
Schrankia unc ina ta  
S c i  rpus  k o i  lolepis 
S c l e r i a  C i l i a t a  
S c l e r i a  pauci  f l o r a  
S c l e r i a  t r i g l o m e r a t a  
S c l e r i a  sp. 
Scute11 a r i a  pa rvu la  
S e t a r i a  g e n i c u l a t a  
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2 2 1  
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11 6 
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Appendix 4 .  (Continued) 

SDeCi.5 
Si lene a n t i r r h i n a  
Silphium in tegr i fo l  ium 
Sisyrinchium campestre 
Solanum carol inense 
Sol i dag0 gymnospermides 
Solidago missouriensis 
Soli dag0 nemoral i s  
Sol idago r ig ida  
Sol idago speciosa 
Solidago sp. 
Sorghastrum nutans 2 Specularia perf01 i a t a  
Spiranthes cernua 
Spiranthes  vernal is  
Sporobol us asper  
Sporobol us heterolepis  
S trophos tyl  es  1 eiosperma 
S tyl osanthes b i  f l o r a  
Tephrosia virginiana 
Trades ca n t i a oh i ens i s 
Tragia betoni c i  fol  i a  
Tridens f lavus 
Tridens s t r i c t u s  
Trifolium campestre 
Valer ianel la  rad ia ta  
Verbes i na he1 i anthoi des 
Vernonia bal dwi ni 
Vernonia c r i n i t a  
Vermni a mi ssur i  ca 
Vernonia sp.  
Viola k i ta ibe l iana  
Viola pedata 
Viola sagi t t a t a  
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Appendix 5. Relative frequency, canopy cover and importance values of each plant species 
sampled a t  the west and east  units o f  Diamond Grove Prairie. 
cates an introduced plant no t  native t o  Missouri’s presettlement flora 
(Steyermark 1963) .  rlajor plant families are indicated as: C=Conipositae, 
G=Gramineae , L=Legumi nosae, S=Cyperaceae. 

An * indi- 

1 

Species 1 

Agrostis e l l iot t iana 
Agros t i  s hyemal i s 
Ambrosia arteniisiifol ia 
Amorpha canescens 
Andropogon gerardi i 
Andropogon saccharoides 
Andropogon scoparius 
Andropogon virgi nicus 
Andropogon sp. 
Antennaria neglecta 
Aristida purpurascens 
Aristida sp. 
Asclepias hi r te l la  
Asclepias s tenophyl 1 a 
Asclepias viridis 
Aster azureus 
Aster pilosus 
Aster sp. 
Astragal us sp. 
Baptisia leucantha 
Baptisia 1 eucophaea 
Bromus racenosus* 
Call i rhoe di gi t a  t a  
Carex abdita 
Carex bushi i 
Carex meadii 
Castill eja cocci nea 
Ceano thus anieri canus 
Centuncul us mi ninius 
Claytonia virginica 
Coniandra richardsiana 
Coreopsis grandiflora 
Coreopsis palniata 
Cro tono psi s el 1 i pti ca 
Del phi ni um sp. 
Dodeca theon meadia 
Echi nacea pal  1 i da 
Eleocharis tenuis 
E l  eochari s sp . 
Elynius canadensis 
Eragrostis spectabil i s  
Erigeron annuus 
Erigeron s t r i  gosus . 
Eryngi um yucci fol  i um 
Euphorbia coral 1 a t a  
Festuca octoflora 
Fimbri s tyl i s  carol i ni ana 
Genti ana puberulenta 
Gnaphal i um purpureum 
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6 
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3 

E 

t- 
.I- 

n Species IJ 

Habenari a 1 acera  
Helenium f lexuosum 
He l ian thus  m o l l i s  
I l i  e r a c i  uni l o n g i  p i 1  urn 
Houstonia minima 
I iypoxi  s h i  r s u t a  
Juncus brachycarpus 
Juncus i n t e r i o r  
K o e l e r i a  c r i s t a t a  

Lespedeza v i  r g i  n i  ca 
L i a t r i s  aspera 
L i a t r i s  pycnostachya 
Linurn sulcatum 
Lobe1 i a  s p i c a t a  
Luzula bul  bosa 
Marshal 1 i a  caespi  t osa  
Flyoso ti s v i  r g i  n i  ca 
Oenothera 1 i n i f o l  i a  
O x a l i s  d i l l e n i i  
Oxal i s  v i o l a c e a  
Panicum lanuginosum 
Panicum l i n e a r i f o l i u m  
Panicum 01 igosanthes 
Panicum sphaerocarpon 
Panicum v i  rgatum 
Panicum sp. 
Paspalum c i l i a t i f o l i u m  
Paspal um sp. 
P e d i c u l a r i s  canadensis 
Pens tenion d i  g i  t a l  i s 
Pens tenlon sp. 
Phleum pra tense*  
P h y s a l i s  v i r g i n i a n a  . 

P hy so s t e g i  a angu s t i f o  1 i a 
P1 antago 1 anceol a t a *  
Plantago v i r g i n i c a  
Poa compressa* 
Poa p r a t e n s i s *  
Po lyga la  sangui nea 
Po lyga la  v e r t i c i l l a t a  
P o t e n t i l l a  r e c t a  
P o t e n t i  11 a s imp1 ex 
Prena nthes aspera 
Prune1 1 a vu1 garus  
Psora1 ea psora1 i o i d e s  
Pyc nan thenium tenu  i f o 1 i um 

- .  

/ K r i g i a  sp. 
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Appendix 5. (Concluded) 
DIAMOND GROVE PRAIRIE 

s- 
I : Species  u 

Rhynchospora globul a r i s  
Rhynchospora s p .  
Rosa carol  i na 
Rubus ens len i  i 
Rubus f l  age1 1 a r i  s 
Rubus sp. 
Rudbeckia h i r t a  
Ruel l ia  huniilis 
Sal v i  a azurea 
Schranki a unci nata  
S c l e r i a  C i l i a t a  
S c l e r i  a pauc i f lora  
Scl eri a tri gl ornera t a  
S c l e r i a  sp. 
Scu t e l l  a r i  a pa r v u l  a 
S e t a r i a  genicu la ta  
Si 1 p h i  um i n t e g r i  f o l  i um 
Sol anum carol  inense 
Sol i dag0 gymnospermoides 
Solidago misSouriensis 
Sol i dag0 ri g i  da 
Sorghastrum nutans 
Specular ia  b i f l o r a  
Specular ia  perf01 i a t a  
Spermolepi s inermis 
Sphenophol i s  obtusa ta  
Spo robol us he tero lep i  s 
Stylosanthes  b i  f l o r a  
Tephrosia v i r g i  niana 
Tri f o l  i um campes tre* 
Valer iane l la  r a d i a t a  
Verbesina he l ian thoides  
Vernonia sp. 
Viola p e d a t i f i d a  
Viola sagi  t t a t a  
Cype-ra ceae 

* -  
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Appendix 6. Relative frequency, average canopy cover, and importance value of each 
plant  species sampled a t  the north and south management units of Paint 
Brush Pra i r i e .  Major plant  families are  abbreviated as:  C=Composi tae,  
G=Gramineae, L=Leguminosae and S=Cyperaceae. 
plant  not nat ive t o  Missouri (Steyermark 1963). 

An * denotes an introduced 
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P A I N T  BRUSH P R A I R I E  
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Acalypha gracilens 
Achillea millefolium* 
Rgros t is  e l  1 i o  tti ana 
Agros ti s hyemal i s 
Agros ti  s s toloni f e ra  
Amb ros i a a r temi s i i f ol i a 
Amrpha canescens 
Andropogon gerardi i  
Rndropogon scppari us 
Andropogon v i  rgi ni cus 
Antenna r i a negl ec t a  
Aristida s p .  
Ascl epi as h i  r t e l l  a 
Ascl epi as s tenophyl 1 a 
Ascl epi a s  v i  ri d i  f 1 ora  
Aster azureus 
Aster e ri co i de s 
Aster s p  . 
As tragal us sp.  
Bap t i  s i  a 1 eucophaea 
Carex hushi i 
Carex meadii 
Carex s p .  
Centuncul us m i  n i  mus 
Ceras ti um vu1 gaturn* 
Comandra ri chardsi ana 
Coreopsi s grandiflora 
Coreopsis palmata 
Crotalaria s a g i t t a l  is  
Cro t o n  mona n thogy nus 
Cro to no p s i s e 1 1 i p ti ca 
Dan thoni a spi cata  
Diodia te res  
Dodeca theon meadia 
Echi nacea pal 1 i da 
El eochari s tenui s 
E l  eochari s s p  . 
Eragros t i  s spectabi 1 i s  
Erigeron s t r i  gosus 
Eryngi um yucci fol  i um 
Euphorbia corol 1 a t a  
Festuca oc tof lora  
Fes tuca el  a t i o r*  
Finibristylis carol iniana 
Gen tiana puberulenta 
Helenium flexuosum 
Helianthus mollis  
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Appendi x 6 .  (Conti nued) 

. - 
r 
.r 

k Species  L l  

tiieraciuni longipiluni 
Iio 11 s t o  n i a m i  n i  ma 
Hypoxi s h i  r s u t a  
Juncu s brac hyca rpus 
Juncus margi na tus 
Juni perus v i r g i  niana 
Krigia dandelion 
Krigia sp. 
Lepi d i  uni v i  rg i  n i  cuni 
Lep to1 onia cogna t u m  
Lespedeza v i  rg i n i  ca 
L i a t r i  s pycnostachya 
L i a t r i s  squarrosa 
L i  num niedi um 
L i  nun1 sul catum 
Lobe1 i a spi c a t a  
Flyoso t i  s v i  r g i  n i  ca 
Oenothera 1 i n i  f o l  i a 
Oxal is di 11 eni i 
Oxal i s v i  ol acea 
Panicuni lanuginosum 
Panicum ol igosanthes  
Panicum scopari  um 
Panicum s phaerocarpon 
Panicum v i  rgatum 
Panicum sp. 
Paspalum c i l i a t i f o l  i u m  
Paspalum sp.  
Penstemon d i  g i  t a l  i s  
Pens tenion pal 1 i dus  
Penstemon sp. 
Phleuni pratense" 
Physal i s  punii 1 a 
Plantago a r i s t a t a  
P1 antago v i  r g i  n i  ca 
Poa compressa* 
Polygala incarna ta  
Polygal a sangui nea 
Polytaenia n u t t a l l i i  
Po ten t i  1 1 a s i mpl ex 
P r u n u s  aniericana 
Psora1 ea  psora1 i o i  des 
Pycnanthenium tenui fo l  i u m  
Phynchospora globul a r i  s 
Rosa carol  i na 
Rubus ens1 eni i 
Rubus f l  age1 1 a r i  s 
Rubus sp .  
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Appendi x 6.  (Concl uded) 

P A I N T  BRUSH P R A I R I E  

Species 
Rudbeckia h i  r t a  
Rue1 1 i a  huini 1 i s  
Schrankia unci nata 
Scl e r i  a tri g l  omera t a  
Scute1 1 a r i a  pa rvu l  a 
Senecio sp. 
S e r i n i a  o p p o s i t i f o l i a  
S e t a r i a  genicul  a t a  
S i  1 phi  um i n t e g r i  f o l  i um 
S i  s y r i  nchi  urn campes t r e  
Sol anum c a r o l  i nense 
Solidago gymnospermoides 
Sol idago rnissour iensis 
Sol i dago nenioral i s  
Sol i dago r i  g i  da 
Sorghas truni nutans 
Specul a r i a  p e r f o l  i a t a  
Sporobol us h e t e r o l e p i s  
Tephrosia v i r g i n i a n a  
Vernonia c r i  n i  t a  
Vernonia f a s c i c u l  a ta  
V io l  a k i  t a i  be l  i ana 
V io l  a pedata 
V i o l a  sagi t t a t a  
Z i z i a  aurea 
Cyperaceae 
Grami neae 
Orchi daceae 
unknown d i c o t  
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Appendix 7. Name, family, and pra i r ie  of occurrence for a l l  plant species 
sampled a t  Osage, Diamond Grove, and Paint Brush Prair ies .  

P1 a n t  Species 

Acalypha gracilens Gray 
Achillea millefolium* L .  
Agropyron repens ( L  . ) Beauv. * 
Agrostis e l l i o t t i a n a  Schul tes 
Agros t i  s hyemal i s  (Wal t. ) BSP. 
Agros ti s stol  oni fera (Gaud. ) 

Farw . 
Allium L .  
Alopecurus carol i nianus Wal t. 
Ambrosia ar temisi i fol ia  L .  
Ambrosia bidentata Michx. 
Ambrosia coronopi fol i a T. & G .  
Amorpha canescens Pursh 
Andropogon gerardi i Vi tman 

P Andropogon saccharoi des Sw. 
Andropogon scoparius Michx. 
Andropogon ternari us Michx. 
Andropogon vi rgi n i  cus L. 
Anemone carol i ni ana Walt. 
An tennari a negl ecta Greene 
Apocynum cannabi num L . 
Ari s t i  da  d i  cho toma Mi chx. 
Ari s t i  da longespica Poi r . 
Aristida oligantha Michx. 
Aristida purpurascens Poir. 
Ascl epi as amp1 exi caul i s Sm. 
Ascl epi as hi r te l l  a 

Asclepias s tenophyl l a  Gray 
Ascl epi as verti ci 11 a t a  L . 
Asclepias vir idif lora  Raf. 
Asclepias v i r id i s  Walt. 
Aster azureus Lindl . 
Aster ericoides L .  
Aster 1 i nari i f o l  i us L . 
Aster patens A i t .  

( Pennel 1 ) 
Woodson 

Common Name 
~~ 

three-seeded mercury 
yarrow 
quack grass 
bent grass 
hair  grass 
red t o p  

wild on ion  
foxtai 1 
common ragweed 
ragweed 
western ragweed 
lead plant 
b i g  bluestem 
s i  1 ver beardgrass 
7 i t t l  e bl  ues tem 
spl i t  beard 
broom sedge 
prai r i  e anemone 
pussy's toes 
I n d i a n  hemp 
poverty grass 
poverty grass 
prair ie  three awn grass 
arrowfea the r 
mi 1 kweed 
t a l l  green milkweed 

narrow-leaved green milkweed 
whorled mi 1 kweed 
green mi 1 kweed 
green-flowered mi 1 kweed 
azure aster  
wreath as te r  
s t i  f f - 1 ea f as te r 
spreading as te r  

Fami 1 y 

Euphorbi aceae 
Composi tae 
Grami neae 
Grami neae 
Grami neae 
Grami neae 

L i  1 i aceae 
Grami neae 
Composi tae 
Composi tae 
Composi tae 
Legumi nosae 
Grami neae 
Grami neae 
Grami neae 
Grami neae 
Grami ne ae 
Ranunculaceae 
Composi tae 
Apocynaceae 
Grami neae 
Grami neae 
Grami ne ae 
Grami neae 
Ascl epi adaceae 
Ascl epi adaceae 

Asclepiadaceae 
Asc 1 e pi a daceae 
Ascl epi adaceae 
Ascl epi adaceae 
Composi tae 
Compos i tae 
Composi tae 
Composi tae 

O( - 

w 
0, 
m 
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X 
X 
X 
X 
X 
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X 
X 
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X 
X 
X 
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X 
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X 
X 
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X 
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X 
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Appendix 7 .  (Continued) 

P 1  a n t  Species 
~ 

Aster p i  losus Wi 11 d .  
As tragal us L .  
Baptisia leucantha T . &  G .  
Baptisia leucophaea N u t t .  
Bidens polylepis Blake 
Bromus racemosus L .  * 
Buchnera ameri cana L .  
Cacalia tuberosa N u t t .  
Callirhoe d i g i t a t a  N u t t .  
Calopogon tuberosus ( L . )  BSP. 
Camassi a s c i  11 o i  des 

Cardami ne parvi f l  o ra  L .  
Carex abdi t a  Bickn. 
Carex bushi i Mackenz. 
Carex meadii Dew. 
Cas ti 11 e j a  cocci nea ( L  . ) 
Ceano thus ameri canus L .  

(Raf. ) 
Cory 

Spreng. 

Centuncul us m i  ni mus L .  
Ceras ti um vu1 gatum L . * 
Chrysopsis pi losa N u t t  
Cicuta maculata L .  
Cirsium a1 tissimum ( L .  

C i  r s  i um d i  s col or (Muhl 

C1 avtoni a vi rsi ni ca L . 

Sp re  ng . 
Spreng. 

CoGndra ri chardsiana Fern. 
Coreopsis grandiflora Hogg 
Coreopsis palmata N u t t .  
Cornus drummondi i Meyer 
Crotalaria sagi t t a l i s  L .  
Croton glandulosus L .  
Croton monanthogynus Michx. 
Crotonopsi s el  1 i p t i  ca Wi 11 d .  

Common Name 

white heath a s t e r  
milk vetch 
white wild indigo 
long-bracted wild indigo 
t i  c ks eed s u n  f 1 ower 
hairy chess 
bl ue hearts 
Indian pl antai n 
fr i  nged poppy mal 1 ow 
grass pink 
w i  1 d hyaci n t h  

small-flowered b i t t e r  c ress  
sedge 
sedge 
sedge 
Indian paintbrush 

New Jersey tea  
Chaffweed 
c o m n  mouse-ear chickweed 
golden a s t e r  
water hemlock 
t a l l  t h i s t l e  

f i e ld  t h i s t l e  

spri ng beauty 
bastard toadf 
tickseed 
tickseed 
rough-1 eaved 
r a t t l  ebox 
croton 
croton 
rushfoi 1 

a x  

o gwoo d 

Fami 1 y 

Composi tae 
Legumi nosae 
Legumi nosae 
Legumi nosae 
Composi tae 
Grami neae 
Scrophul ari aceae 
Composi tae 
Mal vaceae 
Orchi daceae 
L i  1 i aceae 

Cruci ferae 
Cy p era c e a e 
Cy per a ceae 
Cy pe ra c ea e 
Scrophulariaceae 

Rhamnaceae 
Pri mu1 aceae 
Caryophyl 1 aceae 
Composi tae  
Umbel 1 i ferae 
Composi tae 

Composi tae 

Portul acaceae 
Santal aceae 
Composi tae 
Composi tae 
Co rnace ae 
Legumi nosae 
Euphorb i  aceae 
Eup ho rbi aceae 
Euphorbiaceae 

O( - 

aJ 
CT, 
rQ 
v) 
0 - 
X 
X 
X 
X 
X 
X 
X 
X 

X 
X 

X 
X 
X 
X 
X 

X 
X 
X 
X 
X 
X 

X 

X 
X 
X 
X 
X 
X 
X 
X 
X 

urrei - 
U 

E 
a L  
.r a n - 

X 
X 
X 
X 

X 

X 

X 
X 
X 
X 

X 
X 

X 
X 
X 
X 

X 

e 

4c 
cv) 
.r 3- 
r d L  
Pc3 

X 

X 

X 
X 

X 
X 

X 
X 
X 

X 

X 
X 



Appendi x 7 .  (Continued) 

P1 a n t  Species 

Cyperus L .  
Danthonia spicata  (L . )  Beauv. 
Del phini u m  L .  
Del phi ni um vi rescens 
Desmdium canadense ( L . )  DC.  
Desmodi urn sess i  1 i fo l  i urn 

(Torr.) T . &  G .  
Diodia teres  Wal t. 
Dodeca theon meadi a 
Draba brachycarpa N u t t .  
Echinacea pall  i d a  N u t t .  
Eleocharis obtusa (Willd.) 

E l  eocharis tenui s (Will d . )  

Elymus canadensis L. 
Elymus v i  rgi ni cus L .  
Eragros t i  s spectabi 1 i s 

Eri geron annuus ( L  .) Pers . 
Eri geron canadensi s L .  
Eri geron s tr igosus 
Eryngi um yucci fol i um Mi chx. 
Erythronium albidum N u t t .  
Eupatorium perfoliatum L. 
Eupa tori um sero t i  num Mi chx. 
Euphorbia coro l la ta  L .  
Festuca octof lora  Walt. 
Festuca e l a t i o r  L . *  
Fimbristylis carol iniana (Lam.) 

Gal i u m  obtusum B i  gel. 
Gentiana puberulenta Pringel 
Geranium carolinianum L .  
Gerardia fasciculata  E l  1 . 
Gnaphalium purpureum L .  

N u t t .  

Schul tes  

Schul tes  Q m 

(Purs h )  
S t e u d .  

Muhl . 

Fern . 

Conmn Name 

umbrell a sedge 
poverty grass 
1 arkspur 
prai r i e  1 arkspur 
t ick t r e f o i l  
tick t r e fo i l  

rough  buttonweed 
shooting s t a r  
whitlow grass 
pale-purpl e coneflower 
spi kerush 

spi kerush 

Canada wil d rye 
wild rye 
purple love grass 

daisy fleabane 
horse weed 
dai sy fleabane 
rat t lesnake master 
w h i  t e  dog- tooth v i  ol e t  
boneset 
l a t e  boneset 
floweri n g  spurge 
s i  x-weeks fescue 
me a do w f es  cue 

wild madder 
downy gen t i  an 
wild cranesbi l l  
gerardia 
purple cudweed 

Fami 1 y 

Cyper aceae 
Grami neae 
Ranumcul aceae 
Ranuncul aceae 
Legumi nosae 
Legumi nosae 

Rubi aceae 
Pri mu1 aceae 
Cruci ferae 
Composi tae 
Cy p era ce a e 

Cyperaceae 

Grami neae 
Grami neae 
Grami n eae 

Composi tae 
Composi tae 
Composi tae 
Uhel 1 i ferae 
Li 1 iaceae 
Composi tae 
Composi tae  
E u p h o r b i  aceae 
Grami neae 
Grami neae 
Cyp e r  aceae 

Rubi aceae 
Genti anaceae 
Gerani aceae 
Scrophul a r i  aceae 
Composi tae  

O( - 

aJ m a 
v) 
0 - 
X 
X 

X 
X 
X 

X 
X 
X 
X 
X 

X 

X 
X 
X 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

X 
X 
X 
X 
X 

U raJ 

aIL 
.r- a 
EZ 
n - 

X 

X 

X 

X 

X 

X 

X 

X 
X 

X 
X 

X 

X 

X 

e - 

* c  
Ern 
*r 3 
r a L  
0-c1 

X 

X 
X 

X 

X 

X 

X 
X 

X 
X 
X 
X 

X 



Appendix 7. (Cont inued) 

P l a n t  Species 

Habenaria l a c e r a  (Michx.)  

He1 e n i  um f 1 exuosum Raf. 
He l i an thus  m l l i s  Lam. 
H i e r a c i  um 1 ongi  p i  1 um Tor r .  
Houstonia minima Beck. 
Hyper i  cum drummondi i (Grev. & 

Hook.) T.& G. 
Hypericum punctatum L .  
Hypoxis h i r s u t a  (L . )  C o v i l l e  
I s o e t e s  b u t l e r i  Engelm. 
Juncus brachycarpus Engelm. 
Juncus dud1 e y i  
Juncus i n t e r i o r  W i  eg. 

w Juncus margi na tus  Rostk. 
Jun i  perus v i  r g i  n i  ana 
K o e l e r i a  c r i s t a t a  (L . )  Pers.  
K r i g i a  dande l i on  (L.)  Nu t t .  
K r i g i a  o c c i d e n t a l  i s  N u t t .  
K r i g i a  v i r g i n i c a  (L . )  W i l l d .  

Lodd. 

W i  eg . 
m 

L . 

Lactuca canadensis L. 
Lepidium v i r g i n i c u m  L. 
Leptoloma cognatum (Schu 

Lespedeza c a p i  t a t a  Michx 
Chase 

t e s )  

Lespedeza s t r i a t a  (Thunb.) 

Lespedeza v i r g i n i c a  (L.)  B r i t t  
L i a t r i s  aspera Michx. 
L i a  t r i s  pycnos tachya Michx. 
L i a t r i s  squarrosa (L.)  Michx. 
L i n a r i a  canadensis ( L . )  Dumort 
Linum medium (P lanch. )  B r i t t .  
L i  num su l  ca tum R i d d e l l  
Lithospermum inc i sum Lehm. 
Lobe1 i a  s p i c a t a  Lam. 

H.& A.* 

Common Name 

ragged o r c h i d  

sneezeweed 
ashy sunf lower  
hawkweed 
b l  ue t s  
n i  ts-and-1 i c e  

s p o t t e d  S t .  Johns-wort  
ye1 1 ow s t a r  grass 
qu i  1 1 w o r t  
rush  
rush  
rush  
rush  
e a s t e r n  r e d  cedar 
j u n e  grass  
dwar f  dandel i o n  
dwarf  dandel i o n  
dwarf  dandel i o n  
w i l d  l e t t u c e  
pepper g ra  s s 
fa1  1 w i  t c h  grass 

round-headed bush c l o v e r  
Japanese lespedeza 

s lender  bush c l o v e r  
rough b l  a z i  ng s t a r  
b u t t o n  snakeroot  
b l a z i n g  s t a r  
b l  ue t o a d f  1 ax 
f l  ax 
f l a x  
ye1 1 ow puccoon 
sp i ked  lobe1 i a  

Fami  1 y 

Composi t ae  
Composi t a e  
Composi tae  
Rubi a ceae 
Hyper i  caceae 

Hyper i  caceae 
Amaryl l  i daceae 
I soe taceae 
Juncaceae 
J unca ceae 
Juncaceae 
Juncaceae 
Cupr es s ace ae 
Grami neae 
Compos i tae  
Composi t ae  
Composi t a e  
Composi t a e  
C r u c i f e r a e  
Grami neae 

Legumi nosae 
Leguminosae 

Legumi nosae 
Composi t a e  
Composi t ae  
Composi t a e  
Scrophul a r i  aceae 
L i  naceae 
L i  naceae 
Soraginaceae 
Campanul aceae 

oc - 

Q, 
G9 a 
cn 
0 - 

X 
X 
X 
X 
X 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

X 
X 

X 
X 
X 

X 
X 
X 
X 
X 
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X 
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X 
X 
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X 
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X 
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X 
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Appendi x 7 .  ( Continued) 

P l a n t  Species 

Ludwigia a1 ternifol  i a  L.  
Luzula bul bosa (Wood) Rydb. 
Marshallia caespitosa N u t t .  

ex D C .  
Monarda f i s tu losa  L. 
Myosotis virginica (L . )  BSP 
No thoscordum bi Val ve ( L .  ) 

Oenothera 1 inifol  i a  N u t t .  
Oxalis d i l l e n i i  Jacq. 
Oxalis violacea L .  
Panicum lanuginosum El l .  
Panicum 1 inear i fol  ium Scribn. 
Panicum 01 igosanthes Schul tes  
Panicum scoparium Lam. 
Panicum sphaerocarpon El 1 . 
Panicum virgatum L .  
Pas pal um c i  1 i a t i  f ol i um Mi chx . 
Paspalum laeve Michx. 
Pedicul a r i s  canadensi s L .  
Penstemon d ig i t a l  i s  N u t t .  
Penstemon pal 1 i d u s  Small 
Penstemon Mi tchell  
Petal ostemon candi dum 

Phleum pratense L.* 
Phlox pi losa L. 
Physal i s  he terophyl 1 a Nees 
Physalis pumila N u t t .  
Physal i s  v i  rgi n i  ana Mi 11 . 
Physostegia angustifol i a  

P1 an tag0  a r i  s t a t a  Mi chx. 
Plantago langeolata L a *  
Plantago virginica L .  
Poa compressa L.* 

Bri t t o n  

a3 
03 

(Wi 11 d .  ) 
Mi chx. 

Fernal d 

~ ~~~ 

seedbox 
wood rush 
Barbara ' s buttons 

wi 1 d bergamot 
scorpion grass 
f a l s e  ga r l i c  

sundrops 
yellow wood sorrel  
v io l e t  wood sorrel  
panic grass 
panic grass 
panic grass 
panic grass 
panic grass 
switch grass 
bead grass 
bead grass 
wood be tony 
beard- tongue 
beard- tongue 
beard-tongue 
white p ra i r i e  clover 

timothy 
downy p h l o x  
ground cherry 
ground cherry 
ground cherry 
fa1 se dragonhead 

bracted plantain 
Engl ish p l a n t a i n  
hoary plantain 
Canada blue grass 

Fami 1 y 

Onagraceae 
J uncaceae 
Composi tae 

La b i a tae 
Boragi naceae 
L i  1 iaceae 

Onagraceae 
Oxal i daceae 
Oxal i daceae 
Gramineae 
Grami neae 
Granii neae 
Grami n eae 
Grami n eae 
Grami n eae 
Grami neae 
Grami neae 
Scrophulariaceae 
Scrophul a r i  aceae 
Scrophul a r i  aceae 
Scrophul ari aceae 
Leguminosae 

Grami n eae 
Pol emoni aceae 
Solanaceae 
Solanaceae 
Solanaceae 
Labia tae 

P1 antagi naceae 
P1 an t a g i  naceae 
Plantagi naceae 
Grami n eae 

O( - 

Q, 
P) 
m 
ul 
0 - 
X 
X 

X 
X 
X 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

X 
X 

X 
X 
X 
X 
X 
X 

X 
X 
X 
X 

X 
X 

X 

X 
X 
X 
X 
X 
X 

X 
X 
X 

X 
X 

X 

X 

X 
X 

X 
X 
X 

X 

X 
X 
X 
X 

X 
X 
X 
X 
X 

X 
X 
X 

X 

X 

X 

X 
X 



Appendix 7. (Cont inued) 

P 1  a n t  Species 

Poa p r a t e n s i s  L.  * 
Po lyga la  i n c a r n a t a  L. 
Po lyga l  a sangui nea L. 
Po lyga la  v e r t i c i l l a t a  L. 
Po ly taen ia  n u t t a l l  i i DC. 
P o t e n t i l l a  r e c t a  L.* 
Po ten  ti 1 1 a s i  mpl ex M i  c hx . 
Premanthes aspera Michx. 
P r u n e l l a  v u l g a r i s  L. 
Prunus ameri cana Marsh. 
Psora1 ea psora1 i o i  des 

Cory 
P t i l i m n i u m  n u t t a l l i i  (DC.) 

B r i t t .  
Pycnan themum tenu i  f o l  i um 

Schrad. 
Pyrrhopappus c a r o l  i n i a n u s  

(Walt . )  DC. 
Ranuncul us f a s c i  cu l  a r i  s Muhl . 
Rhus c o p a l l i n a  L. 
Rhynchospora g l o b u l a r i s  

(Chapm. ) Small 
Rhynchospora harvey i  B o o t t  
Rosa Caro l i na  L. 
Rosa mu1 t i f l o r a  Thunb.* 
Rubus ens ' len i i  T r a t t .  
Rubus f l  age1 1 a r i s  W i  11 d.  
Rubus oralpi us B1 anchard 
Rudbeckia h i r t a  L.  
R u e l l i a  harmilis Nu t t .  
Rumex a c e t o s e l l a  L. 
S a l v i a  azurea Lam. 
Schrankia unc ina ta  W i l l d .  
Sc i  r p  us k o i  l o 1  e p i  s 

S c l e r i a  c i l  i a t a  Michx. 

(Wal t . ) 

cn a 

( S teud . ) 
G1 easoii 

Common Name 

Kentucky b l  ue grass 
m i l k w o r t  , 

m i l k w o r t  
m i 1 kwo r t 
p r a i  ri e pars1 ey 
r o u g h - f r u i  t ed  c i n q u e f o i l  
c i  nquefo i  1 
rough w h i t e  l e t t u c e  
s e l f - h e a l  
w i l d  plum 
Sampson ' s s na ke roo t 

mock b i shop ' s  weed 

s l e n d e r  m u n t a i  n m i  n t  

f a l s e  dande l ion  

e a r l y  bu t te rcup  
dwarf sumac 
beak- rush  

bea k - r  us h 
pas tu re  rose  
mu1 t i f l o r a  rose  
dewberry 
dew b e r r y  
high-bush b l a c k b e r r y  
b l  ack-eyed Susan 
w i l d  pe tun ia  
sheep s o r r e l  
b l u e  sage 
s e n s i t i v e  b r i e r  
bu l rush  

n u t  grass 

Grami neae 
Polygal  aceae 
Po lyga l  aceae 
Pol y g a l  aceae 
Umbel 1 i f e r a e  
Ro s ace ae 
Ro sa ce ae 
Composi tae  
Labi  a tae 
Rosaceae 
Legumi nosae 

Umbel 1 i f e r a e  

Labia tae  

Composi tae  

Ran u nc u 1 a cea e 
Anacardi aceae 
Cyperaceae 

Cype r a  ceae 
Ro s a ce a e 
Ro sa ce ae 
Ro s aceae 
Ro s a ce ae 
Ro s a ce a e 
Composi t ae  
Composi tae  
Pol ygonaceae 
Labi  a tae  
Legumi nosae 
Cy pe r a c e a e 

Cy p e r a  ce ae 

O( - 

aJ rn 
m 
v) 
0 - 
X 
X 
X 
X 
X 
X 
X 
X 
X 

X 

X 

X 

X 

X 
X 
X 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

X 
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Appendi x 7 .  (Continued) 

P l a n t  Species 

Scleria pauciflora M u h l .  
Scleria triglomerata - Michx. 
Scu te l l  aria parvul a Mi chx. 
Senecio L .  
Serinia opposi t i fo l ia  (Raf . )  

Ktze. 
Setaria geniculata (Lam.) 

Beauv. 
Silene antirrhina L .  
Si lphi um integrifolium Michx. 
Si syri nchi um campes tre Bi ckn. 
Sol anum carol i nense L. 
Sol idago gymnospermides 

(Greenel Fern. 
N u t t .  CD 0 so l  i ;fago mi ssouriensi s 

Sol i dag0 nemral i s Ai t 
Solidago rigida L .  
Soli dag0 speciosa N u t t  
Sorghas trum n u  tans ( L  . 
Specularia bi flora ( R .  & 

Fisch. & Mev. 

Nash 
p .  1 

Specularia per7oliata ( L . )  

Spermolepis inermis ( N u t t . )  
A. DC. 

Math. & Const. 

Scri b n .  

Richard 

Gray 

Sphenophol i s  obtusata (M 

Spiranthes cernua (L.)  

Spi ranthes vernal i s Enge 

chx. 

m. & 

Sporobolus asper (Michx.) 

Sporobol us heterolepis Gray 
Strophostyles leiosperma 

K u n t h  

(T.8 G . )  Piper 

Cornrnon Name 

n u t  grass 
tall  n u t  grass 
small sku1 1 cap 
groundsel 
dwarf dandel ion 

prairie foxtai 1 

sleepy catchfly 
rosi n-weed 
prairie blue-eyed grass 
horse nett le 
grass-leaved goldenrod 

Missouri go1 denrod 
01 d-f i el d go1 denrod 
s t i  f f go1 denrod 
showy go1 denrod 
Indian grass 
Venus ' 1 ooki ng gl ass 

Venus' looking glass 

wedge grass 

commn 1 adi es tresses 

ladies' tresses 

dropseed 

prairie dropseed 
wi 1 d bean 

Fami 1 y 

Cy pe r a c e a e 
Cyperaceae 
Labi atae 
Composi tae 
Composi tae 

Grami neae 

Caryophyll aceae 
Composi tae 
I r i  daceae 
Solanaceae 
Composi tae 

Composi tae 
Composi tae 
Composi tae 
Composi tae 
Grami n eae 
Campanul aceae 

Campanul aceae 

Umbel 1 i ferae 

Grami n eae 

Orchi daceae 

Orchi daceae 

Grami n eae 

Grami n eae 
Legumi nosae 

O( - 

aJ 
P, a 
VI 
0 - 
X 
X 
X 

X 

X 
X 
X 
X 
X 

X 
X 
X 
X 
X 

X 

X 

X 

X 

X 
X 

X 
X 
X 

X 

X 

X 
X 

X 

X 

X 
X 

X 

X 

X 

X 

X 
X 
X 
X 

X 

X 
X 
X 
X 

X 
X 
X 

X 

X 

X 



Appendi x 7.  (Concl uded) 

P1 a n t  Species 

Stylosanthes biflora ( L . )  

Tephrosi a vi rgi ni ana ( L .  ) 

Tradescantia ohiensis Raf. 
Tragia betonicifolia N u t t .  
Tridens flavus ( L . )  Hitch. 
Tridens s t r ic tus  ( N u t t . )  Nash 
Trifolium campestre Schreb.* 
Valerianella radiata (L.)  

Verbesina helianthoides Michx 
Vernonia bal dwini Torr. 
Vernonia crinita Raf. 

L D  c-' Vernonia fasciculata Michx. 
Vernonia missurica Raf. 
Viola kitaibeliana R.& S.* 
Viola pedata L. 
Viola pedatifida G .  Don 
Viol a sagi t t a  ta  Ai t. 
Zizia aurea (L.)  Koch 

BSP. 

Pers. 

Dufr. 

Common Name 

pencil flower 

goat's rue 

spiderwort 

purpl etop 

large hop clover 
corn salad 

c rown - beard 
i ronweed 
ironweed 
ironweed 
ironweed 
f ie ld  pansy 
pansy violet 
prairie violet 
arrow-leaved violet 
go1 den alexanders 

Family 

Legumi nosae 

Legumi nosae 

Commel i naceae 
Euphorbi aceae 
Grami neae 
Grami neae 
Legumi nosae 
Va 1 eri  a naceae 

Composi tae 
Composi tae 
Composi tae 
Composi tae 
Composi tae 
Vi 01 aceae 
Viol aceae 
Vi o l  aceae 
Viol aceae 
Umbel 1 i ferae 

01 - 
Q, 
cr, 
6-a 
v) 
0 - 
X 

X 

X 
X 
X 
X 
X 
X 

X 
X 
X 

X 
X 
X 

X 

- 



OSAGE - S P R I N G  
SW Hay 
SC Hay 
SE Hay 
C Graze 
E Graze 
NW Hay/ B u r n  
NE H a y l S u r n  
W Graze/Hay 

OSAGE - SUMMER 
Q SW Hay 

SC Hay 
SE Hay 
C Graze 
E Graze 
NW H a y l B u r n  
NE H a y l B u r n  
W Graze/Hay 

SW Hay 
SC Hay 
SE Hay 
C Graze 
E Graze 
NW H a y l B u r n  
NE H a y l B u r n  
'Cl Graze/Hay 

OSAGE - FALL 

Diamond Grove - E 
Diamond Grove - W 
P a i n t  B r u s h  - N 
P a i n t  B r u s h  - S 

OSAGE - S P X I ' G  .- 

.OO 84 72 60 47 64 61 57 
100 77 59 47 65 62 59 

100 60 48 66 61 59 
100 75 55 54 59 

100 54 55 56 
100 77 67 

100 70 
100 

48 50 48 38 36 47 49 41 
46 49 48 40 37 46 40 41 
48 46 55 42 36 48 50 41 
36 38 38 49 48 40 43 43 
35 37 .34 48 55 36 39 39 
52 53 56 41 43 62 57 51 
57 50 57 44 45 62 66 52 
57 58 58 52 52 59 60 65 

.OO 83 79 54 53 74 70 64 
100 75 54 54 7 1  69 66 

100 52 47 73 70 63 
100 73 52 53 58 

100 50 51 €2 
100 81 72 

100 69 
100 

57 45 42 50 51 52 46 41 
57 43 43 50 51 50 47 41 
52 42 43 48 50 51 50 41 
42 36 33 55 56 41 40 38 
36 33 30 48 54 35 36 36 
50 48 48 48 50 56 54 48 
54 50 48 49 52 58 60 48 
50 51 52 56 57 53 55 59 

54 61 58 44 45 53 56 50 
55 66 61 44 48 52 54 5C 
54 58 61 44 45 56 57 52 
45 44 44 55 56 44 45 48 
41 45 41 52 61 41 41 47 
57 61 60 49 50 65 65 58 
61 61 58 53 54 64 71 56 
51 59 57 55 55 54 58 71 

100 68 71 62 56 69 47 59 
100 81 50 50 65 65 66 

100 47 46 63 64 67 
100 78 58 54 56 

100 56 54 54 
100 75 69 

100 70 
1oc 

46 47 36 43 
45 46 35 42 
48 50 35 42 
38 41 34 36 
36 37 34 37 
49 52 42 40 
51 55 38 41 
54 55 41 45 

59 60 46 54 
58 60 44 52 
60 61 44 5C 
48 49 41 4e 
43 45 39 44 
56 62 48 47 
56 60 45 47 
52 55 46 47 

46 45 34 42 
49 49 34 35 
50 49 37 41 
40 40 33 37 
42 42 35 31 
46 47 38 41 
48 49 36 4( 
47 46 40 4( 

LOO 78 43  4; 
100 51 5: 

100 6! 
10( 

Appendix  8 .  Sorenson  
s i m i l a r i t y  i n d e x -  v a l -  
ues  f o r  8 management 
u n i t s  a t  Osage P r a i r i e  
sampled i n  s p r i n g ,  
summer, and f a l l ,  and 
f o r  2 u n i t s  a t  each  
Diamond Grove and 
P a i n t  B rush  P r a i r i e s  
sampled o n l y  i n  s u m e r .  
Kanagement u n i t  a b b r e -  
v i a t i o n s  a r e  as 

wes t ,  SC=south 
c e n t r a l ,  SE=sou theas t ,  
C = c e n t r a l  , E=eas t ,  
NW=northwest, NE= 
n o r t h e a s t ,  W=west, 
N=nor th ,  and S=sou th .  
The f u t u r e  manage-  
ment a n d  name o f  
e a c h  u n i t a r e  g i v e n  
i n  T a b l e  1. - 

f o l l o w s :  SW=soUth- 



Appcndix 9. Species richness, diversity (Shannon-Weiner i n d e x )  
and dominance concentration (Simpson's index) f o r  a l l  
prairie units sampled at Osage, 
Paint Brush Prairies. Abbreviations are as f o l l o w s :  
SP=spring, SU=summer, FA=fall, SW=southwest, SC= 
south central, SE=southeast, E=east, C=central, W =  
west, NW=northwest, NE=northeast, N=north, and S =  
south. The future management and name of each unit 
are given in Table 1. 

Diamond Grove and 

P r a i r i e  
and U n i t  

Osage 
1. SW Hay 
2 .  SC llay 
3 .  SE llay 
4 .  C Graze 
5 .  E Graze 
6 .  NW HaylBurn 
7.  NE Hay/Burn 
C .  W Graze/tlay 

Dianond Grove-E 
Di atiiond Grove-W 

P a i n t  Brush - N 
P a i n t  Crush - S 

Speci es R i  chness 

SP 

72 
71 
75 
9 1  

10 2 
77 
9 1  

108 

- 
su 

9 3  
87 
96 

114 
10 5 
88 
88 

10 1 

107 
109 

97 
100 

FA 

62 
80 
87 
74 
67 
74 
73  
78 

Shannon-Wei ner I ndex 

SP 

3.56 
3.60 
3.73 
3.97 
3.94 
3.69 
3.78 
4.01 

su 

3.91 
3.77 
3.97 
4.08 
3.98 
3.87 
3.76 
3.94 

4 .OO 

4.08 
3.88 
3.91 

FA 

3.56 
3.63 
3.77 
3.61 
3.63 
3.69 
3.61 
3.74 

Simpson's Index 

SP 

.036 
.034 
.029 
.024 
.025 
.031 
-031 
-024 

su 

.025 

.029 

.023 

.021 

.025 

.027 

.032 

.025 

.024 

.022 

.027 

.026 
- .~ 

FA 

,035 
,035 
,029 
.035 
,033 
,034 
I 0 35 
,030 

__. 

93 
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